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I HT RODOCT igи 
Sulphines< , J are defined as the S-iiono-oiides of 
thiocarbony 1 conta in ing Compounds. Tbe f i r s t sulpli ine, the 
s o - c a l l e d ' ch lorso l f sxydcaopher ' , vas prepared in 1923 by 
Weieltind and Stnsser<2>. The s t r u c t u r e of t h i s 
a lky l-ch lorosu lphine vas prored 40 years t h e r e a f t e r by King 
and Durst<3> using spectroscop ic aethods. 
The chenis try of su lph ines received renewed a t t e n t i o n in 
the 1960*5. Sheppard and Diekiann<*> prepared the f i r s t 
t h i o k e t o n e - s - o c i d e by H C l - e l i i i n a t i o n of a su lph iny lch lor ide 
bearing a hydrogen a t o i on the α-carbon atoa. Almost at the 
sane t i a e
r
 S t r a t i n g , Thi js and Ζ vanenburg1 s* synthes ized the 
f i r s t thioaldehyde-S-oxide by using the sane 
dehydrohalogenation procedure. An iaportant inprovement*6> in 
the s y n t h e s i s of s u l p h i n e s vas the preparation by oxidat ion of 
thiocarbonyl containing Compounds with peroxycarboxyl ie ac ids . 
Fron s t r u c t u r a l point of view, the f inding of King and 
Durst*7> that tvo geometrical isomers, v i z . a Z- and an 
F-isomer (formerly c a l l e d с і з - and t r a n s - i s o m e r s ) , can be 
i s o l a t e d for chlorophenylsulphine i s of importance. This means 
that the sulphine system has a beat s t ructure . The a c t i v a t i o n 
energy of the E/Z i somer isat ion i s in the order of 23 
kcal/molaf»>. 
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The assignmeat of the geometrical configurations to 
isomeric sulphines of the type XTC=S=0 was accomplished by 
comparison of dipole aomentst l 0 > and/oc by NUB a n a l y s i s t * · ' . 
In the l a t t e r method the use of s h i f t reagents i s halpful in 
some cases , indispensable in o t h e r s * 1 г ' . 
Tangeгman<»э , made an extensive study by means of NUR 
spectra and dipole moments of the preferred conformation in 
six closely r e l a t e d sulphines, t h a t are obtained by stepwise 
oxidation of a di thiocarboxyl ic e s t e r . This study of z- and 
E-sulphide-sulphines, Z- and E-sulphoxide-sulphines and z- and 
P-sulphone-sulphines provided information about the preferred 
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The s t r u c t u r e s А, В and С can be envisaged as t o contr ibute to 
the resonance s t a b i l i s a t i o n of the sulphine system. 
SCF-HO-CBDO c a l c u l a t i o n s by Snyder ani н а г р * 1 * » 4 4 1 on the 
parent sulphine, H2C=S=0, shaved the presence of a pos i t ive 
charge a t sulphur ( 0 . 5 1 proton charge), a negative charge at 
oxygen (-0.61) and a small negative charge a t carbon (-O. 0 1 ' ) . 
This chirge d i s t r i b u t i o n indicates зэте contr ibut ion of 
s t r u c t u r e C. This yl ide-type s t ructure С i s of p a r t i c u l a r 
i n t e r e s t because of the resemblance of i t s C-s bond with the 
C-s bond in sulphoniumylidenes ^с - а ^ for which i t was shown 
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that tha carbon atom i s p y r a i i d a l * i s > . Calcu lat ions by 
rfolfei»·»»7> on carbanions s t a b i l i s e d by an adjacent sulphonyl 
or su lphinyl group a l s o predict a pyraeidal carbon atom. 
Indeed i t i s shown that t h i s sulphine carbon atom i s s l i q h t l y 
pyramidal in the s o l i d s t a t e (see chapter 6 ) . 
The аіш of the study described in t h i s t h e s i s e n c l o s e s 
the fo l loninq a s p e c t s : F i r s t l y , to provide an unambiguous and 
independent proof of the q e o a e t r i c a l conf igurat ion of the 
studied isomeric su lphines. SecDndly, t o measure accurate ly 
the s t r u c t u r a l parameters of the sulphine system ( l i t e r a t u r e 
dati for other sulphine contain ing compounds are not 
c o n s i s t p n t ) . Thirdly, t o determine the conformation of the 
s t r u c t u r a l l y re lated sulphines in the s o l i d s t a t e and t o 
compare t h e s e with the preferred conformation in s o l u t i o n · 
The compounds s e l e c t e d for t h i s i n v e s t i g a t i o n are: 
Z-mesityl(phenyIsulphonyl)sulphine (I) 
E-oes i ty l(phenylsu lphonyl )su lph ine ( I I | 
Z-mesi ty l(phenylsu lphiny l )su lphine (III ) 
E-mesi ty l(phenylsu lphinyl )su lphine (IV) . 
Throughout t h i s t h e s i s the fo l lo i i ing abbreviated names w i l l be 
us-il: 
Z- and E-sulphone-sulphine for (I) and (II) 
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These foor snlphinss do arise fron the oxidation of 
phenf1-2,4, б-trimethyl-dithiobenzoate with m.chloroperbanzoic 
acid (MCPBA), i l lustrated ia scheae 1. These compounds are 
closely related, which s impli f ies the comparison of structures 
and conformations. Also these sulphines havp been the subject 
of an extensive study at the organi:: department of th is 
university, which enables the coiparison of the x-ray results 
with the conformations in solution. 
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Chapters 2, ч, И arni 5 d e a l with the X-ray s t r u c t u r e 
a n î l y s i s t » f ' * > . Thesa s u l p h i n p s proved t o ba very s u i t a b l a fo r 
s t r u c t u c s s o l u t i o n with ' d i r e c t methods ' for phase 
dé te rminâ t ion . 
In c h a p t e r S th? s t r u c t u r a l d e t a i l s of t h e molecules a r e 
d i scuss ο ι. 
"tie і і р ^ п і э п с у of t h f conf o r a a t i onal enerqy on changes i n 
conCorraat- ion i s s t u d i e d i n c h a p t e r 7. The anerqy i s assuaed 
only t o he depen.lent of non-bonded Toulomb and »an der Baal s 
i n t e r a c t i o n s . Thtî r e s u l t s a r e c o r r e l a t e d with the conformat ions 
t h i t зге found i n s o l u t i o n and in t h e s o l i d s t a t e . 
Chapter Я d e a l s wi th t h e computat ion of the s h i e l d i n g and 
i e s h i p l J i n g s f f rcrt ot trie phenyl qroup on t h e hydrogen atoms 
o t t h e a f s i t y l g r o u p . The c a l c u l a t e d s h i e l d i n g i f f e c t s a r e 
conp^red with t h e chemica l s h i f t s in t h e observed NMB s p e c t r a . 
15 
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Crystal data and i n t e n s i t i e s 
S u i t a b l e c r y s t a l s were grown by slow evaporation of the 
s o l v e n t s from a so lu t ion of the coapound in a 1:1 mixture of 
dichloronethane and l i g h t petroleun. The c r y s t a l s are c l e a r , 
pale yel low and t r i c l i n i c with c r y s t a l foras П ^ І » Р П } , 
{001| , {110}, (101) , {111}, {111}-. O n i t - c e l l dimensions were 
deterained from p t - c a l i b r a t e d tfeissenberg photographs by 
l e a s t - s q u a r e s adjustment of observed θ-valu es for 66 hk?, *3β 
hol and 65 Okl r e f l e c t i o n s {5Θ0<Θ<Β1(>) usinq CuKa radiat ian 
( λ
α ι
= 1.54051 λ,λοΗ = 1.54433 i ) . Ho s y s t e n a t i c absences were 
found and Wilson s t a t i s t i c s showed the s t ructure to he 
centrosymaetr ic . The dens i ty of the c r y s t a l was в е і з о г э і by 
f l o t a t i o n in a a ixture of ethanol and chloroform. A c r y s t a l of 
approximate dimensions 0 . 6 , 0.5 and 0.6 mm was mounted with 
a along the Л - a x i s and used for the c o l l e c t i o n of i n t e n s i t y 
data by an automatic NONIOS d i f f ractometer . Α -2 scan 
technique was used at 1.2° per minute and s tat ionary 
background counts were c o l l e c t e d , with a duration of half the 
scantime at t h e beginning and the end of the scan, standard 
r e f l e c t i o n s were recorded every 15 r e f l e c t i o n s t o check the 
16 
medsuring performance and t o a l low c o r r e c t i o n s t o be nade for 
slow f l u c t u a t i o n s i n t h e primary beam. Nearly a t the end of 
tht; c o l l e c t i o n of d a t a , the i n t e n s i t y of the standard 
r e f l e c t i o n s d e c r e a s e d because of some decomposition of the 
c r y s t a l , and t n e r e f o r e t h e measurements were t e r n i n a t e d . 
и е І і а Ы е d a t a were o b t a i n e d up t o з і п /^ = 0.64 %~l using 
ИсКсх r a d i a t i o n . 
Table 1. C r y s t a l d a t a f o r Z - s u l p h o n e - s u l p h i n e (I) 
C16 a 1 6 0 3 S 2 
F.'rf. = 320.43 Space ijroup = P T 
a = 9.209(2) Я Ζ = 2 
h = 11. 106(2) Â F (000) = 336 
с = 7.626(1) i Volume = 770.6(2) Ja 
α = 92.53(1)» Dm = 1.38 д.сщ-* 
|3 = 98.53(3)° De = 1.33 g.cm-з 
У = 89.82(2) о μ = 3.5 cm-» 
Of tha 3362 symmetry independent reflections 2680 were 
obtained with an intensity larger than three times the 
counting statistical error, and only tne latter reflections 
were used in the structure solution and refinement. The 
intensity data were corrected in the usual way for Lorentz and 
polarization effects, but no absorption correction was applied 
because of the small value of η . 
17 
Table 2. Final atóale paraneters with esd in parentheses 











































































































The expression used for the teiiperature factor i s : 
exp - lßu h* *ß22 к» •Рзэ і г * 2)3,2 »»Κ • 2^3 Ы • 2/323*1] 
Р 2 2 ^33











































































































Table 3. Hydroqen parameters (unrefined results). 
The first indices of the numbering 
identify the parent carbon atom. 





Η ( 3 3 ) 
И { 9 1 ) 
i l (92) 
H ( 9 J ) 
H ( 1 0 1 ) 
H ( 1 0 2 ) 
t i ( 1 0 3 ) 
H ( 1 2 1 ) 
d ( 1 3 1 ) 
U ( 1 4 1 ) 
H ( 1 5 1 ) 
a ( i 6 i ) 
- 0 . 1 5 9 
- 0 . 3 9 6 
0 . 1 8 3 
0 . 1 7 0 
0 . 0 8 7 
- 0 . 4 2 8 
- 0 . 4 4 9 
- 0 . 5 2 6 
- 0 . 1 1 6 
- 0 . 2 8 2 
- 0 . 107 
0 . 0 7 7 
0 . 150 
0 . 3 8 2 
0 . 5 4 6 
0 . 4 7 9 
0 . 5 8 5 
0 . 2 5 6 
0 . 4 7 9 
0.4 t í6 
0 . 6 0 1 
0 . 5 3 2 
0 . 5 6 6 
0 . 4 3 0 
0 . 0 6 1 
0 . 0 7 8 
0 . 0 8 5 
- 0 . 0 2 0 
- 0 . 2 3 2 
- 0 . 2 8 4 
- 0 . 125 
0 .Ü92 
0 . 2 Э 8 
0 . 166 
0 . 363 
0 . 147 
0 . 2 7 1 
0 . 3 8 4 
0 . 154 
0 . 2 2 0 
0 . 2 5 5 
0 . 1 0 2 
0 . 0 2 5 
0 . 4 2 4 
0 . 3 9 3 
0 . 2 9 4 
0 . 2 2 2 
0 . 2 5 5 
4 . 7 Χ* 
4 . 8 
5 . 5 
5 . 5 
5 . 5 
7 . 1 
7 . 1 
7 . 1 
4 . 9 
4 . 9 
4 . 9 
5 . 1 
6 . 3 
b . 5 
6 . 6 
5 . 4 
üeteraination and refinement of the structure 
The structure was solved simultaneously by Patterson and 
direct metnods independently of each other. Patterson 
coefficients vere calculated, using the sharpening function of 
Jacobson et al.<,e>. The Patterson map calculated thereupon 
revealed all the non-hydroqen atoms. The symbolic addition 
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method using 701 r e f l e c t i o n s with £ >1.37 and f i v e 
l e t t e r - s y n b o l s resu l ted i n a number of p o s s i b l e s o l u t i o n s ; of 
which the third most probable one revealed the s t r u c t u r e , 
c o n s i s t e n t with that of the Patterson шар. Several c y c l e s of 
t u l i - m a t r i x l e a s t - s q u a r e s refinement of the p o s i t i o n a l and 
i s o t r o p i c temperature parameters r e s u l t e d in a convent ional 
K-fdctor of 0 . 2 2 . The fuact iop minimized vas Σ Η ( | F o | - | F c | ) 2 i n 
which ν = [ σ
α
 • 0.05 Fo ] - г , ( a
c
 = counting s t a t i s t i c a l error 
in po). After taking i n t o account a n i s o t r o p i c temperature 
movement the R-value dropped to 0 . 0 7 1 . At t h a t s t a g e of the 
refinement a d i f f erence Fourier s y n t h e s i s was ca lcu la ted using 
only terms for which sin θ/χ < û.3 i - 1 . Although a l l hydrogen 
atoms could be observed, they could not be located accurate ly . 
Tuerefore hydrogen atoms were introduced on c a l c u l a t e d 
p o s i t i o n s , a l lowing r o t a t i o n of the methyl groups i n such a 
way that the best f i t with the d i f f e r e n c e map was obtained. 
The hydrogen atoms were assigned temperature f a c t o r s equal t o 
the i s o t r o p i c equiva lent of the parent carbon atoms. A f i n a l 
weighting scheme was constructed because of the large 
d i f f e r e n c e s between Fo and Fc for high Fo and low sinG va lues . 
P l o t t i n g of mean values of ( | F o | - | F c | ) 2 for i n t e r v a l s of 
Fo and s i n 2 θ gave the fo l lowing weighting scheme: 
w = [ ( 1 . 1 - 0 . 0 1 1 |Fo|+0.001itFo 2 ) ( 3 . 3 - 8 . 9ві.п2 «-6. 1з іп 2 2 ) ]-». 
Two more c y c l e s of fu l l-matr ix l e a s t - s q u a r e s refinement with 
f ixed hydrogen parameters reduced fi to a f i n a l value of 0 .057. 
In the l a s t refinement c y c l e changes in parameters did not 
exceed 0.7 esd . The p o s i t i o n a l and thermal parameters are 
presented in t h e Tables 2 and 3 . The atomic s c a t t e r i n g f a c t o r s 
21 
used in the ref ineeent were those of Cromer and H a b e r * , " for 
C, 0 and S (the l a t t e r corrected for the anomalous scdt te r inq 
t e r e Δ f ' ) and of Stewart et a l . < 2 0 ) for H. computer proqrams 
used are l o c a l modifications of N.R.C, proqrams by F.R.Ahmed 
and И.Е.РірруС es) for data reduction, Fourier synthesis , 
d i s tances and angles, OBFLS by W.H.Busing, K.O.Martin and 
Н.а.ьету*·*> for ful l-matrix l eas t- squares refinement, 
OBTEP<67> by C.K.Johnson for production of s t r u c t u r e diagrams, 
and the symbolic addit ion proqrams written by B.Dewar and 
».Stone<»">. 
F i g . l . Pro-jection of the s t r u c t u r e on the ab plane 
22 
Fig.2. ТЬегваІ ellipsoid plot of the molecule 
Description of the structure 
A projection of the structure on the ab plane is shown in 
Fitj.l. The relative Magnitudes of the temperature ellipsoids 
are depicted in Fig.2. Bond distances are shoun in Fig.3, 
vnile bond angles are given in Table 4. In the molecule three 
plane parts can be distinguished: 1) the «esityl grouP, 2) the 
sulphine moiety and 3) the phenyl group. The least-squares 
parameters of these planes are given in Table 5. Table 6 
contains the intermolecular distances shorter than Э. 6 &. The 
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data in th i s Table 6 show that no abnoraal shor t d is tances are 
present in t h i s s t ruc tu re . The molecules are packed around 
centres of syametry. The rather short intermolecular distance 
between sulphur and oxygen atoms points to Coulomb forces that 
play a role in the packing in the z -d i rec t ion . 
Pig. 3. Bond dis tances 
24 
Table 4. Bond angles uit h es 
0 ( 1 ) 
0 ( 2 ) 
0 ( 2 ) 
0 ( 2 ) 
0 ( 3 ) 
0 ( 3 ) 
c d ) 
S ( 1 ) 
3 ( 1 ) 
3 ( 2 ) 
C ( 1 ) 
C ( 1 ) 
C ( 3 ) 
С (2) 
C ( 2 ) 
C ( 4 ) 
- 3 ( 1 ) 
- 3 ( 2 ) 
- 3 ( 2 ) 
-su> 
- 3 ( 2 ) 
- 5 ( 2 ) 
- 3 ( 2 ) 
- C ( 1 ) 
- C ( 1 ) 
- C ( 1 ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 3 ) 
- C ( 3 ) 
- C ( 3 ) 
- C ( 1 ) 
- 0 ( 3 ) 
- C ( 1 ) 
- C ( 1 1 ) 
- C ( 1 ) 
- C ( 1 1 ) 
- c ( i i ) 
- 3 ( 2 ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 3 ) 
- C ( 7 ) 
- C ( 7 ) 
- С ( 4 ) 
- С ( ) 
- С ( ) 
1 1 5 . 2 ( 2 
1 1 9 . 8 ( 2 
1 0 5 . 5 ( 1 
1 0 8 . 3 ( 1 
1 0 7 . 1 ( 2 
1 0 8 . 5 ( 2 
1 0 7 . 0 ( 1 
1 2 3 . 9 ( 1 
1 1 6 . 5 ( 2 
1 1 9 . 3 ( 2 
1 1 8 . 3 ( 2 
1 2 0 . 6 ( 2 
1 2 1 . 1 (2 
1 1 7 . 8 ( 2 
1 2 2 . 6 ( 2 
1 1 9 . 6 ( 2 
d in parentheses 
C ( 3 ) - C ( 4 ) - C ( 5 ) 
C ( 4 ) - C ( 5 ) - C ( 6 ) 
C ( 4 ) - C ( 5 ) - C ( 9 ) 
C ( 6 ) - C ( 5 ) - C ( 9 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 
C ( 2 ) - C ( 7 ) - C ( 6 ) 
C ( 2 ) - C ( 7 ) - C ( 1 0 ) 
C ( 6 ) - C ( 7 ) - C ( 1 0 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 2 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 6 ) 
C ( 1 2 ) - C ( 1 1 ) - C ( 1 o ) 
С ( П ) - С ( 1 2 ) - С ( 1 3 ) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 U ) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 
C ( 1 5 ) - C ( 1 6 ) - C ( 1 1 ) 
1 2 2 . 0 ( 3 ) ° 
1 1 9 . 1 ( 3 ) 
1 1 9 . 8 ( 3 ) 
1 2 1 . 1 ( 3 ) 
1 2 1 . 4 ( 3 ) 
1 1 8 . 6 ( 2 ) 
1 1 9 . 6 ( 2 ) 
1 2 1 . 9 ( 2 ) 
1 1 8 . 0 ( 2 ) 
1 2 0 . 5 ( 2 ) 
1 2 1 . 4 ( 3 ) 
1 1 9 . 7 ( 3 ) 
1 1 9 . 7 ( 4 ) 
1 2 0 . 6 ( 4 ) 
1 2 1 . 1 ( 4 ) 
1 1 7 . 4 ( 3 ) 
25 
Table 5. Least-squares planes 
The equat ions of the planes are expressed in the form 
AX + BÏ «· CZ = D, nhere Χ, Ï , Ζ are in 1 uni ts i n an 
orthogonal s e t of axes with X along a and ï in the ab-plane 
perpendicular on X. 
Plane Atois def ining А В С D 
the plane 
1 C 2 ) , C ( 3 ) , C ( 4 ) , 0 . 0 2 4 1 0 . 2 1 6 6 - 0 . 9 7 6 0 - 0 . 7 4 9 9 
C { 5 ) , C ( 6 ) , C ( 7 ) 
2 0 ( 1 ) , S ( 1 ) , C ( 1 ) , - 0 . 4 2 3 9 - 0 . 8 9 4 2 - 0 . 1 4 3 9 - 2 . 9 6 3 1 
C ( 2 ) , S ( 2 ) 
3 C ( 1 1 ) , C ( 1 2 ) , C ( 1 3 ) , - 0 . 3 1 5 0 0 . 0 0 9 9 - 0 . 9 4 9 0 - 3 . 1 1 9 8 
C ( 1 4 ) , C ( 1 5 ) , C ( 1 6 ) 
D i s t a n c e s from: 
P l a n e 2 P l a n e 3 
0 ( 2 ) 0 . 2 9 6 ( 4 ) I S ( 2 ) - 0 . 1 0 9 ( 1 ) i 
0 ( 3 ) - 1 . 2 3 4 ( 4 ) 0 ( 2 ) - С . 7 4 7 ( 4 ) 
0 ( 1 ) - 0 . 0 5 9 ( 4 ) 0 ( 3 ) - 0 . 6 3 8 ( 4 ) 
S ( 1 ) 0 . 0 0 3 ( 1 ) C(11) - 0 . 0 0 1 ( 2 ) 
C(1) 0 . 0 4 3 ( 2 ) C(12) 0 . 0 0 3 ( 3 ) 
C(2) - 0 . 0 3 0 ( 2 ) C(13) - 0 . 0 0 3 ( 4 ) 
S ( 2 ) - 0 . 0 0 0 ( 1 ) C(14) - 0 . 0 0 2 ( 4 ) 
C ( 1 5 ) 0 . 0 0 3 ( 3 ) 
C ( 1 6 ) - 0 . 0 0 0 ( 3 ) 
Angle between plane 1 and 2 i s 86.4° , between plane 1 and 3 
i s 2 3 . 0 ° , between plane 2 and 3 i s 74 .9° 
P l a n e 
C ( 1 ) 
C ( 8 ) 
С ( 9 ) 
С ( 1 0 ) 
С ( 2 ) 
C ( 3 ) 
C ( 4 ) 
С ( 5 ) 
C ( 6 ) 
C ( 7 ) 
1 
- 0 . 0 1 2 ( 2 ) i 
0 . 0 4 2 ( 3 ) 
- 0 . 0 1 6 ( 4 ) 
- 0 . 0 4 9 ( 3 ) 
0 . 0 0 0 ( 2 ) 
0 . 0 0 7 ( 2 ) 
- 0 . 0 0 9 ( 3 ) 
- 0 . 0 0 1 ( 3 ) 
0 . 0 1 3 ( 3 ) 
- 0 . 0 0 8 ( 2 ) 
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Table 6. íutermolecular distances less than 3.6 % 
C(15)-0(1) IV 




















I = x , y , z+1 
II = x-1 , y , ζ 
III = -χ , -y , -ζ 
IV = -χ*1 , -y , -ζ 
V = -χ . -Υ , -Ζ4-1 
VI = -χ*1 , -y , -ζ*1 
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сыартЕВ з 
ÇHYSTAL АНД MOLECULAR STBÜCTDBE OF 
E-HESITÏLfPHEHILSULPHlMÏL)SDLPHIME J i l l 
Crystal data and intensities 
Crystals of the compound were obtained by slowly 
evaporating the solvents from a solution of the sulphine in a 
1:2:2 mixture of ether, light petroleua and dichloroaethane. 
The crystals are pale yellow, dianond-shaped plates with 
crystal forms (100), (112), (112) and (110). The space group, 
determined from systematic extinctions and Laue symmetry on 
ieissenberg photographs, i s P2i / c . The unit-cell dimensions 
were obtained from Pt-calibrated Heissenberg photographs by 
least-squares refinement of θ-values for 71 hKO and 56 hOl 
reflections with 550< θ <7i»° (cuKCX radiation: λa¡ = 1.54051 Χ, 
λο<2= 1.54433 1). The density was measured by flotation of the 
crystals in a mixture of chloroform and ethanol. The crystal 
selected for data collection had approximate dimensions of 
0.2, 0.3 and 0.7 mm and was mounted with b along the Φ-axis of 
the diffractometer. Intensity data were collected on a NONIUS 
automatic three-circle diffractometer with Zr-filtered 
ИоКсх radiation op to sinG/^ = 0.59. Α Θ-2Θ scan was used at a 
scan rate of 1.2° per minute with stationary background counts 
at the beginning as well as at the end of the scan.After every 
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2C r e f l d c t i o n s , a c o n t r o l r e f l e c t i o n was scanned t o check t h e 
шоазигіпч p e r t o r m a n c e ; no s i g n i f i c a n t chanqe with t ime was 
observed. The d a t a were c o r r e c t e d f o r Lorentz and p o l a r i z a t i o n 
e f f e c t s , but no c o r r e c t i o n for a b s o r p t i o n was a p p l i e d . Out of 
d t o t a l u t 2740 i n d e p e n d e n t r e f l e c t i o n s , 1834 were measured 
with an i n t e n s i t y l a r g e r t h a n t h r e e t i a e s t h e i r c o u n t i n g 
s t a t i s t i c a l e r r o r . Only t h e l a t t e r were regarded a s being 
observed and used in t n e r e f i n e m e n t p r o c e s s . 
Table 1. C r y s t a l d a t a for E - s u l p L o x i d e - s u l p h i n e (IV) 
C 1 6 H 1 6 C 2 5 2 
F.W. = 3 0 4 . 4 3 S p a c e g r o u p = V2^/c 
a = Θ. 3 10 (2) % Ζ = 4 
b = 1 4 . 1 4 1 ( 3 ) Ì F ( r 0 0 ) = 640 
с = 1 4 . 8 7 3 ( 4 ) Ä Volume = 1 5 ъ 1 . в ( 8 ) i * 
β = l i b . 6 7 ( 4 ) « » ¡)ц = i , 3 2 q . c a i - a 
μ = 3 . 1 cni-i De = 1.29 g . c m - 3 
P S t ë £ 5 i i ! â t i 9 i i _ a n d _ r e f i n e u i e n t _ u £ _ t i i d _ s t r u ç t u r e 
Tm- s t r u c t u r e was öoLved by d i r e c t m e t h o d s , u s i n g t h e 
m u l t i p l e s o l u t i o n t e c h i i i g u t ; . iWu r e f l e c t i o n s w i t h E l a r g e r 
thrin 1.0 w t r e u s e d . A - J t a r t i i i . ) s ^ t o r t e n r e f l e c t i o n s was 
Uáou, o t which 4 r e t l e c t i o n : ; wi th J s i g n d e t e r m i n e d from 
Σι r e l a t i o n s , 3 o r i g i n J T L Í I I Í I H r i - i i e c t i o u s ana 3 r e f l e c t i o n s 
l i i t u an a r b i t r a r y ь і д п . 
29 
Table 2. Final atonic paraaeters vi 
« У 
S ( 1 ) 
S ( 2 ) 
0 ( 1 ) 
0 ( 2 ) 
C ( 1 ) 
С ( 2 ) 
C ( 3 > 
С ( 4 ) 
С ( 5 ) 
С ( 6 ) 
С ( 7 ) 
С ( θ ) 
С ( 9 ) 
С ( 1 0 ) 
С ( 1 1 ) 
С ( 1 2 ) 
С ( 1 3 ) 
С ( 1 4 ) 
С ( 1 5 ) 
С ( 1 6 ) 
- 0 . 0 3 1 5 ( 2 ) 
- 0 . 1 1 4 0 ( 1 ) 
0 . 0 6 2 7 ( 8 ) 
- 0 . 1 9 1 1 ( 6 ) 
- 0 . 0 0 1 0 ( 5 ) 
0 . 1 0 1 5 ( 5 ) 
0 . 2 8 8 5 ( 5 ) 
0 . 3 8 3 7 ( 5 ) 
0 . 2 9 8 7 ( 7 ) 
0 . 1 1 2 7 ( 8 ) 
0 . 0 1 1 0 ( 6 ) 
0 . 3 9 0 4 ( 5 ) 
0 . 4 0 7 9 ( 1 3 ) 
- 0 . 1 9 2 2 ( 7 ) 
0 . 0 8 3 9 ( 5 ) 
0 . 1 5 8 1 ( 8 ) 
0 . 3 1 2 5 ( 8 ) 
0 . 3 8 6 6 ( 7 ) 
0 . 3 0 9 2 ( 7 ) 
0 . 1 5 5 7 ( 6 ) 
0 . 3 4 9 1 ( 1 ) 
0 . 1 6 0 7 ( 1 ) 
0 . 4 0 9 0 ( 3 ) 
0 . 2 2 4 5 ( 4 ) 
0 . 2 3 6 9 ( 3 ) 
0 . 1 9 4 8 ( 3 ) 
0 . 2 0 3 2 ( 3 ) 
0 . 1 6 2 5 ( 3 ) 
0 . 1 1 4 9 ( 3 ) 
0 . 1 0 8 3 ( 3 ) 
0 . 1 4 7 3 ( 3 ) 
0 . 2 5 4 6 ( 4 ) 
0 . 0 7 3 9 ( 6 ) 
0 . 1 4 1 9 ( 6 ) 
0 . 1 0 7 9 ( 3 ) 
0 . 1 4 4 9 ( 3 ) 
0 . 1 0 2 8 ( 4 ) 
0 . 0 2 6 2 ( 4 ) 
- 0 . 0 1 0 3 ( 3 ) 
0 . 0 2 9 5 ( 3 ) 
h esd in parentheses 
Pu 
0 . 1 6 0 6 ( 1 ) 
0 . 0 7 9 4 ( 1 ) 
0 . 2 5 0 0 ( 4 ) 
0 . 0 0 9 1 ( 3 ) 
0 . 1 8 7 2 ( 3 ) 
0 . 2 8 8 4 ( 3 ) 
0 . 3 3 6 4 ( 3 ) 
0 . 4 3 0 7 ( 3 ) 
0 . 4 7 7 6 ( 3 ) 
0 . 4 2 9 0 ( 4 ) 
0 . 3 3 5 3 ( 4 ) 
0 . 2 8 9 1 ( 3 ) 
0 . 5 8 2 2 ( 5 ) 
0 . 2 8 7 9 ( 6 ) 
0 . 0 8 3 3 ( 3 ) 
0 . 0 2 4 2 ( 3 ) 
0 . 0 2 8 0 ( 4 ) 
0 . 0 8 8 2 ( 4 ) 
0 . 1 4 5 2 ( 3 ) 
0 . 1 4 3 1 ( 3 ) 
0 . 0 3 6 4 ( 3 ) 
0 . 0 1 5 6 ( 2 ) 
0 . 0 5 4 9 ( 1 4 ) 
0 . 0 3 5 1 ( 9 ) 
0 . 0 1 6 1 ( 6 ) 
0 . 0 1 6 1 ( 6 ) 
0 . 0 1 6 4 ( 6 ) 
0 . 0 2 1 6 ( 7 ) 
0 . 0 3 5 2 ( 1 2 ) 
0 . 0 3 8 1 ( 1 3 ) 
0 . 0 2 1 4 ( 7 ) 
0 . 0 1 8 5 ( 7 ) 
0 . 0 5 8 3 ( 2 2 ) 
0 . 0 2 3 4 ( 1 0 ) 
0 . 0 1 8 6 ( 6 ) 
0 . 0 3 8 5 ( 1 2 ) 
0 . 0 4 2 6 ( 1 5 ) 
0 . 0 3 0 0 ( 1 0 ) 
0 . 0 3 1 1 ( 1 0 ) 
0 . 0 2 9 1 ( 9 ) 
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Tue e x p r e s s i o n used for the temperature f a c t o r i s : 
exp - [p,, hz • |32 2кг + β ^ χ ζ + 2β]2 hk • 2 0 ^ h l • 2 ß 2 3 k l ] 
^22 РЗЗ ß l2 Р і З ß 2 3 
0 . 0 0 6 7 ( 1 ) 
0 . 0 0 9 3 ( 1 ) 
ΰ . 0 0 6 4 2 ) 
0 . 0 1 4 2 ( 4 ) 
0 . 0 0 6 7 ( 2 ) 
C.Ü0i»ü(2) 
0 . 0 0 5 2 ( 2 ) 
0 . 0 0 6 5 ( 2 ) 
0 . 0 0 6 0 ( 2 ) 
0 . 0 0 5 9 ( 2 ) 
0 . 0 0 5 8 ( 2 ) 
0 . 0 0 9 5 ( 3 ) 
0 . 0 1 1 3 ( 5 ) 
0 . 0 1 3 1 (5) 
0 .OC54(2 ) 
0 . 0 0 5 8 ( 2 ) 
0 . 0 0 7 6 ( 3 ) 
0 . 0 0 8 5 ( 3 ) 
0 . 0 0 6 8 ( 2 ) 
Ú.0L '53(2) 
0 . 0 0 8 0 (1) 
0 . 0 0 7 0 ( 1 0 
0 . 0 1 1 4 ( 3 ) 
0 . 0 0 7 0 ( 2 ) 
O . 0 C 6 3 ( 2 ) 
0 . 0 0 5 9 ( 2 ) 
0 . 0 0 5 4 ( 2 ) 
0 . 0 0 5 9 ( 2 ) 
0 . 0 0 6 6 ( 3 ) 
0 . 0 0 9 4 ( 3 ) 
û . 0 C 8 9 ( 3 ) 
0 . 0 0 7 5 ( 3 ) 
0 . 0 0 8 3 ( 4 ) 
0 . 0 1 4 6 ( 5 ) 
0 . 0 C 4 6 ( 2 ) 
0 . 0 0 6 4 ( 3 ) 
0 . С С 9 8 ( 4 ) 
0 . 0 0 7 9 ( 3 ) 
û . 0 0 5 9 ( 2 ) 
0 . 0 0 5 3 ( 2 ) 
0 . 0 0 6 3 ( 1 ) 
0 . 0 0 2 2 ( 1 ) 
0 . 0 0 3 9 (4) 
0 . 0 1 0 4 ( 5 ) 
0 . 0 0 2 2 ( 3 ) 
0 . 0 0 0 1 ( 3 ) 
- 0 . 0 0 0 1 ( 3 ) 
0 . 0 0 2 3 ( 3 ) 
0 . 0 0 4 2 ( 4 ) 
- 0 . 0 0 0 3 ( 4 ) 
- 0 . 0 0 0 5 ( 3 ) 
- 0 . 0 0 3 0 ( 4 ) 
0 .Û106 (9) 
- 0 . 0 0 3 6 ( 6 ) 
0 . 0 0 0 4 (3) 
0 . 0 0 1 8 ( 4 ) 
O.Û004 (6) 
0 . 0 0 27(5) 
0 . 0 0 5 0 ( 4 ) 
0 . 0 0 0 5 ( 3 ) 
0 . 0 0 6 2 ( 1 ) 
- 0 . 0 0 0 3 ( 1 ) 
0 . 0 1 0 9 ( 5 ) 
- 0 . 0 0 1 9 ( 4 ) 
0 . 0 0 3 5 ( 3 ) 
0 . 0 0 4 2 ( 3 ) 
0 . 0 0 3 7 ( 3 ) 
0 . 0 0 3 9 ( 3 ) 
0 . 0 0 7 7 ( 5 ) 
0 . 0 1 2 7 ( 6 ) 
0 . 0 0 7 9 ( 4 ) 
0 . 0 0 5 2 ( 4 ) 
0 . 0 1 1 4 (8) 
0 . 0 1 1 7 ( 6 ) 
0 . 0 0 1 8 ( 3 ) 
0 . 0 0 7 3 ( 5 ) 
0 . 0 1 3 7 ( 6 ) 
0 . 0 0 7 5 ( 5 ) 
0 . 0 0 4 5 (4) 
0 . 0 0 5 6 ( 4 ) 
0 . 0 0 0 6 ( 1 ) 
- 0 . 0 0 2 5 ( 1 ] 
- 0 . 0 0 1 1 ( 2 ] 
- 0 . 0 0 1 0 ( 2 
- 0 . 0 0 1 1 ( 2 ) 
- 0 . 0 0 1 1 (2 
- 0 . 0 0 1 0 ( 2 
- 0 . 0 0 0 7 ( 2 
0 . 0 0 0 2 ( 2 
- 0 . 0 0 0 3 ( 2 
- 0 . 0 0 1 3 ( 2 
- 0 . 0 0 0 4 ( 2 
0 . 0 0 3 3 ( 3 
- 0 . 0 0 1 7 ( 4 
- 0 . 0 0 1 1 ( 2 
0 . 0 0 1 0 ( 2 
- 0 . 0 0 0 4 ( 3 
- 0 . 0 0 1 3 ( 3 
0 . 0 0 0 6 ( 2 
0 . 0 0 0 2 ( 2 
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Table 3. Hydrogen paraœeters (unrefined results). 
The first indices of tne numbering identify 
tue parent carbon aton. 
























0 . 5 4 7 
- 0 . 2 3 9 
- 0 . 2 5 2 



















- 0 . 0 0 6 
- 0 . 0 7 0 












- 0 . 0 2 5 




4 . 7 8* 
6 . 6 
5 . 7 
5 . 7 
5 . 7 
9 . 2 
9 . 2 
9 . 2 
8 . 6 
8 . 6 
3.6 
5 . 9 
7 . 5 
6 . 3 
5 . 5 
4 . 8 
Eight s o l u t i o n s неге generated of which tuo were i d e n t i c a l ; 
and these ones had the best f i g u r e s of merit. An Е-шар 
c a l c u l a t e d from t h e best s o l u t i o n revealed a l l the 
non-hydrogen a t c u s . Subsequent fu l l -matr ix l e a s t - s q u a r e s 
refinement of the p o s i t i o n a l and a n i s o t r o p i c temperature 
parameters gave rapid convergence. Near the end of tu« 
refinement a d i f ference Fourier s y n t h e s i s was c a l c u l a t e d 
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Fiq. 1. Stereoscopic view of the u n i t - c e l l 
including only t e r o s for which s i n o / ^ < 0.3 %~ι. Peaks could 
be observed at a l l the expected hydrogen atom pos i t ions, but 
they could not be located accurate ly . In p a r t i c u l a r they vere 
vaque at the methyl-hydroqen pos i t ions . Therefore, hydrogen 
atoms were introduced on ca lculated pos i t ions ; the 
methyl-hydroqen atoms were rotated in such a way t h a t the best 
f i t with the maxima of the difference шар was obtained. 
Temperature f a c t o r s equal to the i s o t r o p i c equivalent of t h e i r 
parent carbon atoms were assigned to the hydrogen a t o a s . The 
function minimized was Σ w ( | F o | - | F c | ) 2 , in which: 
и = [ (4 .9-0.119 |Fo |*0.0057 |Fo | г ) (0.105*3.7eip (-53.sin*e))J-». 
The constants in t h i s expression were chosen in such a manner 
t h a t < w | | F o | - | F c | | г > would be loca l ly independent of | F o | and 
зіп . In the l a s t refinement cycle changes in parameters did 
not exceed 0.2 esd; the f i n a l conventional h-factor was 0.060. 
The pos i t iona l and thermal parameters are presented in t a b l e s 
2 and 3. Tue dtcmic s c a t t e r i n g fac tor s used in the ref ineaent 
неге the saae as in chapter 2. Computer programs used are 
HOLTAN by G.Gemain, P. Hain and H.M . Woolf son( '· > for direct 
methods and those mentioned in chapter 2. 
gp^g) 
fiq.2. Bond dis tances 
Description of the s t ructuгe 
A s tereoscopic view of the s t r u c t u r e i s tjiven in Fiq. 1. 
Bond d i s tances are qiven in F i g . 2 . tíond angles are col lec ted 
in Table U. The r e l a t i v e magnitudes of the teœperature 
e l l i p s o i d s of the molecule are shown in F i g . 3 . In t h i s 
molecule, again three planes can be recognized of which the 
l eas t - squares parameters of the three planar par ts of the 
molecule a re l i s t e d in Table 5. 
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Table Í». Bond angles with esd in parentheses 
0 ( 1 ) 
0 ( 2 ) 
0 ( 2 ) 
C(1 ) 
3 ( 1 ) 
3 ( 1 ) 
S (2) 
C(1) 
C (1 ) 
C ( 3 ) 
С ( 2 ) 
C ( 2 ) 
C ( 4 ) 
C ( 3 ) 
С ( 4 ) 
- S ( 1 ) 
- S ( 2 ) 
- S ( 2 ) 
- S ( 2 ) 
- C ( 1 ) 
- C ( 1 ) 
- c d ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 3 ) 
- C ( 3 ) 
- C ( 3 ) 
- C ( 4 ) 
- C ( 5 ) 
- C { 1 ) 
- C ( 1 ) 
- c ( i i ) 
- C ( 1 1 ) 
- S ( 2 ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 3 ) 
- C ( 7 ) 
- C ( 7 ) 
- C ( 4 ) 
- C ( 8 ) 
- C ( 8 ) 
- C ( 5 ) 
- C ( 6 ) 
1 1 2 . 4 ( 3 ) ° 
1 0 5 . 7 ( 2 ) 
1 0 7 . 9 ( 2 ) 
9 6 . 7 ( 2 ) 
1 1 3 . 8 ( 2 ) 
1 2 6 . 5 ( 3 ) 
1 1 9 . 6 ( 3 ) 
1 1 9 . 1 ( 3 ) 
1 2 0 . 3 ( 4 ) 
1 2 0 . 6 ( 4 ) 
1 1 8 . 7 ( 4 ) 
1 2 2 . 2 ( 4 ) 
1 1 9 . 1 ( 4 ) 
1 2 1 . 8 ( 4 ) 
1 1 8 . 5 ( 5 ) 
C ( 4 ) - C ( 5 ) - C ( 9 ) 
C ( 6 ) - C ( 5 ) - C ( 9 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 
C ( 2 ) - C ( 7 ) - C ( 6 ) 
C ( 2 ) - C ( 7 ) - C ( 1 ü ) 
C ( 6 ) - C ( 7 ) - C ( 1 0 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 2 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 6 ) 
C ( 1 2 ) - C ( 1 1 ) - C { 1 6 ) 
C ( 1 1 ) - C ( 1 2 ) - C ( 1 3 ) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 
C ( 1 5 ) - C ( 1 6 ) - C ( 1 1 ) 
1 2 0 . 0 ( 5 ) û 
1 2 1 . 5 ( 5 ) 
1 2 2 . 3 ( 5 ) 
1 1 8 . 1 ( 4 ) 
1 2 1 . 9 ( 5 ) 
1 2 0 . 0 ( 5 ) 
1 1 9 . 3 ( 3 ) 
1 1 8 . 9 ( 3 ) 
1 2 1 . 8 ( 4 ) 
1 1 8 . 5 ( 5 ) 
1 2 0 . 2 ( 6 ) 
1 2 0 . 3 ( 5 ) 
1 2 1 . 0 ( 5 ) 
1 1 8 . 1 ( 4 ) 
In this crystal structure no abnormal short interœolecular 
distances are present, as indicated by the data in Table 6. In 
the structure four molecules are packed around a centre of 
syiaetry, which are two by two related by the twofold screw 
axis. 
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Table 5. Least-squares planes 
The equations of the planes are expressed iu the form 
AX • BÏ + CZ = D, where Χ, Ι , Ζ a r e i n Ä units in an 
orthogonal set of axes with X along a and Ϊ in the db-piane 
perpendicular on Χ. 
Plane AtoMS defining А В С D 
the plane 
1 C ( 2 ) , C ( 3 ) , C ( 4 ) , 0.2969 - 0 . 8 5 3 7 - 0 . 4 2 7 9 - 4 . 3 1 7 β 
C ( 5 ) , C ( 6 ) , C ( 7 ) 
2 0(1) , S ( 1 ) ,C(1) , 0.9895 0.0044 - 0 . 1 4 4 8 - 1 . 6 0 5 b 
C<2),S(2) 
3 S(2) ,C ( 1 1 ) , C ( 1 2 ) . -0.2588 - 0 . 6 0 1 9 - 0 . 7 5 5 4 - 1 . 7 8 2 7 
C ( 1 3 ) , C ( 1 4 ) , 
C ( 1 5 ) , C ( 1 6 ) 
D i s t a n c e s f r o m : 
Plane 2 Plane 3 
0 ( 2 ) 0 . 1 2 6 ( 6 ) І 0 ( 2 ) 0.359(5) I 
0(1) 0.015(7) C(11) - 0 . 0 0 9 ( 4 ) 
S(1) - 0 . 0 0 2 ( 2 ) C(12) 0.00β(5) 
C(1) 0.015(4) C(13) 0.003(6) 
C(2) - 0 . 0 0 7 ( 4 ) C(14) - 0 . 0 0 4 ( 5 ) 
S(2) 0 . 0 0 0 ( 1 ) C(15) - 0 . 0 0 1 ( 5 ) 
C(16) 0.008(4) 













0 . 0 2 0 ( 4 ) i 
- 0 . 0 1 0 ( 5 ) 
- 0 . 0 3 3 ( 8 ) 
- 0 . 0 7 7 ( 8 ) 
0.005(4) 
- 0 . 0 0 3 ( 4 ) 
- 0 . 0 0 1 (4) 
0 . 0 0 5 ( 5 ) 
- 0 . 0 0 2 ( 5 ) 
- 0 . 0 0 5 ( 4 ) 
Angle between plane 1 and 2 is 69.4°, between plane 1 and 3 
i s 40.5°, between plane 2 and 3 i s 81.4° 
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P i g . 3 Thermal e l l i p s o i d p l o t o f t h e m o l e c u l e 
Tab le 6. i n t e r a o l e c u l d C d i s t a n c e s l e s s than 3 .6 i 
С (7)-О ( 1 ) 1 
C ( 1 6 ) - C ( 1 ) I 
C ( 1 Û ) - 0 ( 1 ) I 
C ( 1 5 ) - C ( 2 ) I I 
C ( 8 ) - 0 (2) I I I 
С ( 1 0 ) - 0 ( 2 ) IV 
3 . 5 5 5 ( 6 ) 
3 . 3 6 5 (β) 
3 . 5 8 6 (9) 
3 . 5 2 7 ( 7 ) 
3 . 4 3 7 ( 7 ) 
3 . 5 5 8 ( 9 ) 
symmetry c o d e : 
I = 
I I = 






, y - i , - z * i 
» - У . - Z 
. -y* i , z * i 
» - y * è , ζ* 4 
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СНАРТЕП 4 
£Н YSÜL hau aOlECULAB STBOCTUBE OF 
Z-HESITILtPHENILSOLPHIMYHSOLPHIHE i J I I l 
C r y s t a l d a t a and i n t e n s i t i e s 
C r y s t a l s of t h e compound were o b t a i n e d by s l o w 
e T a p o r a t i o n from a s o l u t i o n i n a 1:1 m i x t u r e of l i i j h t 
p e t r o l e u m and d i c h l o r o n e t h a n e . The c r y s t a l s a r e p a l e y e l l o w , 
t r i c l i n i o i n a p p e a r a n c e , w i t h t h e same c r y s t a l forms as t h e 
Z - s u l p h o n e - s u l p h i n e . Weissenbers) p h o t o g r a p h s showed t h e s p a c e 
group t o be PI or P I . The d i s t r i b u t i o n of E - v a l u e s g a v e no 
c l e a r i n d i c a t i o n which o f both was t h e c o r r e c t one (probab ly 
due t o a l a r g e number of unobserved r e f l e c t i o n s ; s e e o e l o w ) , 
but b e c a u s e of g r e a t s i m i l a r i t i e s w i t h t h e c r y s t a l s and c e l l 
d i m e n s i o n s of the Z - s u l p h o n e - s u l p h i n e t h e s p a c e group PI was 
c h o s e n , m o t h e r argument f o r t h i s c h o i c e i s t h e d e v i a t i o n from 
l i n e a r i t y i n t h e B i l s o n p l o t ( s e e F i g . 1 ) , which are t h e same 
f o r t h e z - s u l p h o x i d e - s u l p h i n e and Z - s u l p h o n e - s u l p h i n e , 
r e f l e c t i n g e q u a l c o n f i g u r a t i o n s 1 2 1 > of the molecules in both 
structures. The choice was proved to be correct by the 
subsequent structure analysis. Unit-cell dimensions were 
determined from a least-squares f i t of the lat t ice parameters 
with observed setting angles of 67 reflections with 10ο<θ<12ο 
using Иока radiation(λδ =0.71069 %) . The density of the 
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c r y s t a l uds aeasured by f l o t a t i o n of c r y s t a l s i n a mixture of 
c b l o r o f o r a and e t h a n o l . The c r y s t a l s e l e c t e d f o r da t a 
c o l l e c t i o n measured about 0 . 3 , 0.3 and 0.4 mm and nas mounted 
approximate with b a long t h e f-axis of a computer c o n t r o l l e d 
NONIUS t h r e e - c i r c l e d i f f r a c t o i e t e r . 
ln(<Fb>£<f2>) 
sin2e 
Fig . 1. W i l s o n - p l o t s of Z - s u l p h o n e - s u l p h i n e (I) (+ • +) 
and Z - s u l p h o x i d e - s u l p h i n e ( I I I ) (о о о) 
Table 1. C r y s t a l d a t a f o r Z - s u l p h o x i d e - s u l p h i n e ( I I I ) 
c 1 6 b 1 6 0 2 s 2 
F.K. = 304.43 
a = 8.933(4) Ì 
b = 10.850(5) i 
с = 7.838(4) % 
α = 9 1 . 10(3)° 
β = 100.63(3)» 
Y = 8 5 . 8 4 ( 4 ) ° 
Space group = PI 
Ζ = 2 
F (000) = 320 
Volume = 744.7(7) i» 
Dm = 1.36(1) q.cm-s 
Dc = 1.36 g.CM-' 
μ = 3.5 cm-» 
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Intensity data were collected with Zr-filtered Пока radiation 
up to sin θ/^ = 0.64. Α Θ-2Θ scan techinique was used at a 
scan rate of 10° per ainute. Stationary background counts were 
collected at both the beqinninq and the end of the scan, λ 
reflection was scanned fro· 2 to 6 times depend i mj on the 
intensity. After every 20 reflections, one of two control 
reflections was scanned to check the measuring performance. 
The intensity of the control reflections did not differ more 
than JX of their mean intensity. The data were corrected for 
Lorentz and polarization effects, but no absorption correction 
was applied because of the small value of the linear 
absorption coefficient. Of the 3222 independent reflections 
within the θ limit, 1958 were measured with an intensity 
larger than three times their counting statistical error. Only 
these were regarded as observed and used in the refinement 
process. 
Determination and refinement; of the structure 
Tfte structure was solved by the multisolution method. The 
4C7 reflections with E larger than 1.6 were subsequently used. 
The starting set consisted of 7 reflections, of which 3 w^re 
signed to fix the origin and the remaininq tour were assigned 
an arbitrary sign. Sixteen solutions were qenerated and ot 
each a figure of merit was determined. Prom the solution with 
the highest figure of merit a Fourier synthesis was 
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c a l c u l a t e d , i t revealed c l e a r l y a l l the non-hydrogen atoms. 
The p o s i t i o n a l parameters deterained froa the E-map «ere 
ref ined by the f u l l - n a t r i x l e a s t - s q u a r e s method, f i r s t with 
i s o t r o p i c and l a t e r with a n i s o t r o p i c parameters. The f o n c t i o n 
minimized uas Σ w{|Fo| - |FC| ) г in which ы = [ cr
c
 • 0.05 У о ] - 2 . 
refinement proceeded smoothly and near the end a d i f ference 
Fourier s y n t h e s i s vas ca lcu la ted with s t r u c t u r e f a c t o r s of 
r e f l e c t i o n s l o r which з і п /д < 0. 3 i - 1 t o l o c a t e the hydrogen 
dtoms. At the expected hydrogen p o s i t i o n s peaks could be 
observed; but, as in the other s t r u c t u r e s , they could not be 
located accurate ly . Therefore, hydrogen atoms were introduced 
on c a l c u l a t e d p o s i t i o n s al lowing r o t a t i o n of the hydrogen 
dtoms to achieve a b e s t f i t with the maxima of the d i f f e rence 
Fourier map. Temperature f a c t o r s of the hydrogen atoms were 
taken evjual t o the i s o t r o p i c equ iva lent of the parent carbon 
atoms. Two more c y c l e s of refinement lowered the convent ional 
t<-tdctor t o 0.C95. At that stage changes in parameters did not 
exceed С.э esd. An a n a l y s i s of the d i f f e r e n c e s between Fo and 
Fc revealed that the quantity < w | | F o J - | F C | | 2 > for d i f f e r e n t 
i n t e r v a l s or |Fo | and s i n 9 showed only minor v a r i a t i o n s , λ 
laut d i f ference Fourier s y n t h e s i s contained no p l a c e s with 
j i JJIÍL i e int e l e c t r o n dens i ty . The p o s i t i o n a l and thermal 
jjaiviraetfers can be found in the Tables 2 and 3 . Scat ter ing 
ractors ind programs used in t h i s s tructure s o l u t i o n are the 
Jaaic as in cuapter 3. 
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Table 2. F ina l a ton ie parameters with esd in parentheses 






































































































The expression used for the temperature factor i s : 
exp - [ß^ h*
 + p22k* * ІЗ33І2 • 2p l 2hk • гр^Ы • 2р2зХ1] 






































































































Table 3. Hydrogen parameters (unrefined results). 
The first indices of the numbering identify 
the parent carbon atoa. 
x y Ζ В 
H ( U I ) 
tì(61) 
U ( 8 1 ) 
Η ( 8 2 ) 
Η(Θ3) 
Н ( 9 1 ) 
Η ( 9 2 ) 
Н ( 9 3 ) 
Н ( 1 0 1 ) 
Н ( 1 0 2 ) 
Ц ( 1 0 3 ) 
И ( 1 2 1 ) 
Н ( 1 3 1 ) 
Η(1«»1) 
Н ( 1 5 1 ) 
Н ( 1 6 1 ) 
- 0 . 1 8 2 
- 0 . 3 9 0 
0 . 0 8 7 
0 . 2 0 9 
0 . 1 2 4 
- 0 . 5 1 1 
- 0 . 4 3 5 
- 0 . 5 2 7 
- 0 . 0 2 1 
- 0 . 2 1 8 
- 0 . 1 6 9 
0 . 1 0 3 
0 . 1 2 7 
0 . 3 3 2 
0 . 5 1 1 
0 . 4 9 1 
0 . 5 8 1 
0 . 2 4 7 
0 . 5 6 
0 . 4 5 2 
0 . 5 4 6 
0 . 4 2 5 
0 . 5 7 3 
0 . 4 9 7 
0 . 0 6 3 
0 . 0 5 4 
0 . 0 9 6 
0 . 0 3 6 
- 0 . 1 9 1 
- 0 . 3 0 3 
- 0 . 1 8 6 
0 . 0 4 3 
0 . 2 9 4 
0 . 1 3 5 
0 . 3 5 5 
0 . 3 2 6 
0 . 142 
0 . 3 2 2 
0 . 3 0 8 
0 . 1 1 4 
0 . 1 4 3 
0 . 1 6 0 
- 0 . 0 4 3 
0 . 4 8 3 
0 . 4 8 4 
0 . 3 5 5 
0 . 2 2 8 
0 . 2 3 4 
4 . 2 Х* 
3 . 9 
4 . 7 
4 . 7 
4 . 7 
6 . 5 
6 . 5 
6 . 5 
4 . 3 
4 . 3 
4 . 3 
4 . 2 
5 . 1 
4 . 6 
4 . 3 
3 . 8 
Description of the structure 
A stereoscopic viev of the unit-cell i s presented in 
Fig.2. The re lat ive magnitudes of the thermal e l l ipso ids are 
shown in Fig.3. 
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Piq. 2. S tereoscop ie view of the u n i t - c e l l 
F i q . 3 . Thermal e l l i p s o i d p l o t of the molecule 
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Bood distances and the numbering of the atoas асе shown in 
Fig.4 and bond angles are l i s t e d in Table 4. Least-squares 
parameters of the three planar parts of tüe nolecule are given 
in Table 5. Table 6 gives the internolecular distances l e s s 
than 3.6 i . The crystal structure shous a great s imi l a r i ty 
with Z-sulphone-sulphine. 
f i g . 4 . Bond distances 
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4. Bond angles with esd in parentheses 
S d ) 
Si2) 
3 ( 2 ) 
3 ( 2 ) 
C d ) 
C(1) 




C ( 3 ) 
C ( 3 ) 
С (J) 
C ( t ) 
C ( 5 ) 
- C d ) 
- C ( 1 ) 
- C ( 1 1 ) 
- C ( 1 1 ) 
- 3 ( 2 ) 
- C ( 2 ) 
- C ( 2 ) 
- C ( 3 ) 
- C ( 7 ) 
- C ( 7 ) 
- C ( 4 ) 
- C ( 8 ) 
- C ( 8 ) 
- C ( 5 ) 
- C ( ó ) 
1 1 3 . 3 ( 3 ) ° 
10 5 . 2 ( 3 ) 
1 0 7 . 2 ( 3 ) 
9 0 . 3 ( 3 ) 
1 2 0 . 5 ( 3 ) 
1 1 9 . 3 ( 4 ) 
1 1 9 . 3 ( 4 ) 
1 1 8 . 9 ( 4 ) 
120 . 3 ( 5 ) 
120. 8 ( 5 ) 
1 1 8 . 2 ( 5 ) 
1 2 2 . 2 ( 5 ) 
1 1 9 . 6 ( 5 ) 
1 2 2 . 2 ( 5 ) 
1 1 8 . 7 ( 5 ) 
C ( 4 ) - C ( 5 ) - C ( 9 ) 
C ( 6 ) - C ( 5 ) - C ( 9 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 
C ( 2 ) - C ( 7 ) - C ( b ) 
C ( 2 ) - C ( 7 ) - C ( 1 Ü ) 
C ( 6 ) - C ( 7 ) - C ( 1 0 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 2 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 6 ) 
C ( 1 2 ) - C ( 1 1 ) - C ( 1 ó ) 
C ( 1 1 ) - C ( 1 2 ) - C ( 1 3 ) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 
C ( 1 5 ) - C ( 1 6 ) - C (11) 
1 2 0 . 3 ( 5 ) 0 
1 2 1 . 1 ( 5 ) 
1 2 1 . 4 ( 5 ) 
1 1 8 . 8 ( 5 ) 
1 2 2 . 3 ( 5 ) 
1 1 8 . 9 ( 5 ) 
1 1 8 . 3 ( 4 ) 
1 2 0 . 0 ( 4 ) 
1 2 1 . 4 ( 5 ) 
1 1 9 . 6 ( 6 ) 
1 1 9 . 9 ( 6 ) 
1 2 0 . 3 ( 6 ) 
1 2 0 . 5 ( 6 ) 
1 1 8 . 5 ( 5 ) 
47 
Table 5. Least-squares planes 
The equat ions of the planes are expressed in the form 
AX • BÏ • CZ = D, where X, ï , Ζ are in Î uni ts i n an 
orthogonal s e t of axes Kith X along a and I in the ab-plane 
perpendicular on X. 
Plane Atoms def in ing А В С D 
the plane 
1 С 2 ) , С З ) , С ( Ц ) , 0 . 0 4 0 0 0 . 2 8 5 3 - 0 . 9 5 7 6 - 0 . ι » 3 5 5 
C ( 5 ) , C < 6 ) , C ( 7 ) 
2 0 ( " I ) , S ( 1 ) , C ( 1 ) , - 0 . 3 7 1 6 - 0 . 9 2 8 0 - 0 . 0 2 7 8 - 3 . 0 2 3 5 
C ( 2 ) , S ( 2 ) 
3 C ( 1 1 ) , C ( 1 2 ) , C ( 1 3 ) , - 0 . 1 * 4 9 8 - 0 . 0 1 3 1 - 0 . 8 9 3 0 - 3 . 4 0 9 9 
C ( 1 4 ) , C ( 1 5 ) , C ( 1 6 ) 
d i s t a n c e s f rom: 
P l a n e 1 P l a n e 2 P l a n e 3 
C(1) - 0 . 0 1 5 ( 5 ) I 0 ( 2 ) - 0 . 0 3 5 ( 5 ) l S (2) - 0 . 1 0 1 ( 2 ) Я 
C(8) 0 . 0 6 4 ( 7 ) 0 ( 1 ) 0 . 0 0 2 ( 5 ) 0 ( 2 ) - 0 . 7 0 2 ( 5 ) 
C<9) - 0 . 0 3 4 ( 8 ) S ( 1 ) - 0 . 0 0 3 ( 2 ) C(11) 0 . 0 1 2 ( 5 ) 
C(10) - 0 . 0 3 2 ( 6 ) C(1) 0 . 0 7 6 ( 5 ) c:(12) 0 . 0 1 5 ( 6 ) 
C(2) 0 . 0 0 1 ( 5 ) C(2) - 0 . 0 2 5 ( 5 ) C(13) 0 . 0 0 7 ( 7 ) 
C(3) 0 . 0 0 8 ( 6 ) S ( 2 ) - 0 . 0 0 2 ( 2 ) C(14) 0 . 0 0 2 ( 7 ) 
C(4) - 0 . 0 0 8 ( 6 ) C(15) - 0 . 0 0 0 ( 6 ) 
C(5) - 0 . 0 0 5 ( 6 ) C(16) - 0 . 0 0 8 ( 6 ) 
C(6) 0 . 0 1 5 ( 6 ) 
C(7) - 0 . 0 1 1 ( 5 ) 
Ang le between p l a n e 1 and 2 i s 7 5 . 3 ° , between p l a n e 1 and 3 
i s 3 3 . 5 ° , between p l a n e 2 and 3 i s 7 8 . 2 ° 
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Table 6. laterœolecular distances l e s s than 3.6 t 
C(15)-C(10)I 3.572(9) S 
C(15)-C(1)II 3.310(8) 
CiUJ-SJI) III 3.588(6) 
C(13)-C(6)IV 3.585(9) 





I = -x , -y , -z 
II = -x+1 , -y , -z 
III = -X , -y+i , -z 
I? = -x , -y , -z+1 
V = -x*1 , -y , -ζ«Ί 
VI = -χ , -y+1 , -z*1 
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СНАРТЕВ 5 
ÇHTSTàL AND BOLEÇgLAB STHDCTQBE OF 
К-HBSITÏL(PHENYLSaLPHOHÏLl SDLPHIHB. .Jîil 
Crystal data ana intensities 
Crystals nere grown by slow evaporation of the solvents 
froa a solution of the co«pound in a 1:1 mixture of light 
petroleum and dichloroaethane. The crystals are clear, pale 
yellow« flat needles along b, with a large (100) face and 
{001}, (Oil}, {011} faces less developed. The crystals proved 
to be of rather poor quality and noreover, they неге rather 
unstable under X-radiation. The crystals desintegrated into a 
soft, plastic aass. During the experiuental work several 
crystals had to be aounted to provide sufficient data. The 
désintégration proceeded more slowly when the crystal was 
coated with cyanobond glue. The space group determined from 
systematic extinctions and Laue-symaetry on Weissenberq 
photographs was Ρ2; /с. The unit-cell dimensions were 
determined from a small crystal, by least-squares fit of the 
lattice parameters to observed setting angles of 46 
reflections with 90<θ <12.50 using пока radiation (λα= 0.71069 
1}. The density was measured by the flotation aethod in a 
mixture of ethanol and chloroform. 
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Table 1. Crystal data for E-sulphone-sulphine (II) 
C16H1603S2 
F.И. = 320. ИЗ Space group = P2i/c 
a = 8. 106(5) Ι Ζ = 4 
о = 14.012(9) I F(OOO) = 672 
c= 15.466(7) i Volume = 1575.(2) λ9 
ß = 116.27(4)» DB = 1.36(1) g.ce-з 
μ = 3.4 cm-» De = 1.35 g.ев-» 
The crystal from which the data were obtained measured about 
0.15 0.5 0.4 mm, and this was mounted on a computer comtrolled 
NONIUS three-circle diffractometer. Intensity data were 
collected with Zr-filtered Η ο Κα radiation up to sinÖ/^ = 0.61 
І-*. Α Θ-2Θ scan-technique was used at a scan rate of 10° per 
minute with stationary background counts during half the 
scantime at both the beginning and end of the scan. A 
reflection was scanned from 2 to 6 times depending on the 
intensity. After every 20 reflections a control reflection sas 
scanned. The intensity of the control reflection gradually 
reduced to about 38* of its initial value and thereafter it 
dropped to almost zero. Because of that, the last 321 of the 
3076 symmetry independent measured reflections had to be 
discarded. Of the 2755 remaining reflections 1385 were 
measured with an intensity > Зо^  (0£ is the соonting 
statistical error), and 297 with an intensity 1.5o¿ < lobs 
<3o¿ . The former were regarded as observed and the latter as 
weak.; both were used in the refinement process. The weak 
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reflections vere used with a correspondingly lower weiqht. The 
data vere corrected in the usual way tor Lorentz and 
polarization effects. Absorption correction was considered not 
necessary because of the saall value of the linear absorption 
coefficient. 
Deter»ination and refinement of the structure 
The structure was solved by the sign correlation 
procedure*22»23> using Ц91 reflections with E larger than 1.3. 
Prom these reflections 26 were selected and each uas given a 
letter synuol to represent its sign. These starting 
reflections bad large Ε-values and no 'triple product' 
interactions between them. These reflections now forili a basic 
set for sign-generation by the triple product sign 
relationship. The generated syabolic signs for a number uf 
reflections are accepted temporarily and added to tne basic 
set. Again signs are generated froi the enlarged basic set; 
however, now cnly those symbolic signs that are found at least 
five times (without contradictions) are accepted. The 
temporarily accepted symbolic signs are then removed from the 
basic set, while the last accepted signs are definitively 
added to the basic set. repeating this procedure, the basic 
set is enlarged eacn cycle with the symbolic signs that are 
accepted definitively. Luring the execution of this procedure 
the correlation between signs is used to eliminate letter 
symbols i.e. to express one letter symbol in terms of the 
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remaining l e t t e r symbols. F i n a l l y , three l e t t e r symbols неге 
given absolute s i g n s for o r i g i n f i x i n g · The procedure was 
terminated when 433 r e f l e c t i o n s vere s igned, thus g iv ing one 
s o l u t i o n . An Ε-map ca lcu la ted from these r e f l e c t i o n s revealed 
c l e a r l y a l l the non-hydrogen atoms. The p o s i t i o n a l and thermal 
parameters of the atoms nere ref ined by fu l l -matr ix 
l e a s t - s g u a r e s . The guant i ty re f ined vas Σ w ( | F o | - | F c | ) * with 
weight w = [ o¿ • 0 .05 F o ] - 1 . The refinement converged s lowly 
to an R-factor of about 0 . 1 1 . At that s t a g e , a d i f f e r e n c e 
Fourier s y n t h e s i s was ca lcu la ted with r e f l e c t i o n s up to 
s i n o / ^ = 0.3 i - 1 . Peaks could be discerned at the p o s i t i o n s 
of hydrogen atoms which are bonded to the r ing atoms, but a t 
the methyl hydrogen p o s i t i o n s maxima could hardly be found i n 
the regions with an e l e c t r o n d e n s i t y of 0 .3 to 0 .5 e / î * . The 
hydrogen atoms were introduced on ca l cu la ted p o s i t i o n s . The 
methyl hydrogens were rotated in s t e p s of 30° and, of the four 
p o s s i b l e p o s i t i o n s , that p o s i t i o n was s e l e c t e d that agreed 
best with the h ighes t e l ec tron d e n s i t y . Temperature f a c t o r s 
egual to the i s o t r o p i c equiva lent of the i r parent carbon atoms 
were ass igned to the hydrogen atoms. After a few more c y c l e s 
of refinement the changes in parameters did not exceed 0.5 
esd. The convent ional Η-factor for observed r e f l e c t i o n s was 
0.087, for weak r e f l e c t i o n s 0.214 and the o v e r a l l Η-factor was 
0.095. A d i f ference Fourier s y n t h e s i s revealed two large 
regions with a mean e l e c t r o n d e n s i t y of 1. e /Ä3 in the 
neighbourhood of 5(1) at both s i d e s of the СSO plane. 
Therefore, we b e l i e v e that the d i f ference of the bond l enghts 
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Table 2 . F ina l atomic paraaeters with esd in parentheses 












































































































The expression used for the tetperatuce factor i s : 
exp - [ p 1 1 h* • p 2 2 * 2 * Р З З 1 8 * 2 P l 2 h K * 2ß\3hl * 2 | 3 2 3 k l 1 











































































































Table 3. Hydrogen parameters (unrefined results). 
The first indices of the numbering identify 
the parent carbon atom. 
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4 . 9 
8 . 4 
β . 4 
8 . 4 
6 . 8 
6 . 8 
6 . 8 
6 . 1 
6 . 1 
6 . 1 
5 . 2 
6 . 8 
7 . 3 
7 . 0 
5 . 2 
of S(1)-0(1) as compared with those of the other three 
coapounds is not significant, but is rather a conseguence of 
less reliable data because of the experimental difficulties 
mentioned before. The positional ana thermal parameters are 
collected in Tables 2 and 3. Scattering factors and computer 
programs are the same as in chapter 2, with the exception of 
the direct methods program. The program used for the sign 
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correlation procedure is SCOR by P.T. Beurskens and 
Th. E. M. v. d. Uark. 
Fiq.1. Stereoscopic іен of the unit-cell 
Lescription of the structure 
A stereoscopic view of the unit-cell is presented in 
Fiq.1. The numbering of the atoas and bond distances are shown 
in Fiq.2 and bond angles are listed in Table 4. Least-squares 
parameters of the three planar parts of the molecule are 
collected in Table 5. Taole ь compiles the interaolecular 
distances less than 3.6 &. The relative aagnitudes of the 
thermal ellipsoids are shown in Fig.3. 
Although the space group is the same and the cell 
dimensions resemele closely those of f-sulphoxide-sulphine, 
the packing in the crystal is different. In this structure 
there exists a short intermolecular contact between S(1) and 
0(2) -just as in Z-sulphone-sulphine. Because both the latter 
and the presHnt structure ace less stable than the other two, 
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i t i s possible that the short intemolecular distance i s 
responsible for the ins tabi l i ty by giving an opportunity for a 
reaction between molecalss in the crystals . 
Pig.2 . Bond distances 
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Table U. Bond a n g l e s with esd in p a r e n t h e s e s 
0 ( 1 
0 ( 2 
0 ( 2 
0 ( 2 
0 ( 3 
0 ( 3 
C ( 1 
s ( i 
S ( 1 
S ( 2 
C ( 1 
C ( 1 
C ( 3 
C ( 2 
C ( 2 
С (4 
>-S(1> 
) - S ( 2 » 
) - S ( 2 ) 
) - S ( 2 ) 
) - S ( 2 ) 
) - S ( 2 ) 
) "S (2) 
) - C ( 1 ) 
) - c ( i ) 
) - C { 1 ) 
) - C ( 2 | 
) - C ( 2 ) 
) - C ( 2 ) 
) - C ( 3 ) 
) - C ( 3 ) 
) - C ( 3 ) 
- C ( 1 ) 
- 0 ( 3 ) 
- C ( 1 > 
- C ( 1 1 ) 
- C ( H 
- c ( i i ) 
- C ( 1 1 ) 
- S ( 2 ) 
- C ( 2 ) 
- C ( 2 | 
- C ( 3 ) 
- C ( 7 ) 
- C ( 7 ) 
- C ( U ) 
- C ( 8 ) 
- C ( 8 ) 
11 3 . 3 (4 ) » 
1 2 0 . І Ц 4 ) 
1 0 6 . 2 ( 3 ) 
1 0 8 . 5 ( 3 ) 
1 0 8 . 2 ( 3 ) 
1 C 8 . 9 ( 3 ) 
1 0 3 . 4 ( 3 ) 
1 1 2 . 7 ( 4 ) 
1 2 6 . 5 ( 5 ) 
1 2 0 . 8 ( 5 ) 
1 2 0 . 0 ( 6 ) 
1 2 4 . 3 ( 6 ) 
1 1 9 . 7 ( 6 ) 
1 1 9 . 3 ( 6 ) 
1 2 2 . 2 ( 6 ) 
1 1 8 . 8 ( 7 ) 
C ( 3 ) - C ( 4 ) - C ( 5 ) 
C ( 4 ) - C ( 5 ) - C ( 6 > 
C ( 4 ) - C ( 5 ) - C ( 9 ) 
C ( 6 ) - C ( 5 ) - C ( 9 ) 
C ( 5 ) - C ( 6 ) - C ( 7 ) 
C ( 2 ) - C ( 7 ) - C ( 6 ) 
C ( 2 ) - C ( 7 ) - C ( 1 0 ) 
C ( 6 ) - C ( 7 ) - C ( 1 0 ) 
S ( 2 ) - C ( 1 1 ) - C ( 1 2 ) 
S ( 2 ) - C ( 1 1 , - C ( 1 6 ) 
C ( 1 2 ) - C ( 1 1 ) - C { 1 6 ) 
C ( 1 1 ) - C ( 1 2 ) - C ( 1 3 ) 
C ( 1 2 ) - C ( 1 3 ) - C ( 1 4 ) 
C ( 1 3 ) - C ( 1 4 ) - C ( 1 5 ) 
C ( 1 4 ) - C ( 1 5 ) - C ( 1 6 ) 
C ( 1 5 ) - c ( 1 6 ) - C ( 1 1 ) 
1 2 2 . 4 ( 7 ) ° 
1 1 6 . 8 ( 7 ) 
1 2 1 . 9 ( 7 ) 
1 2 1 . 2 ( 7 ) 
1 2 1 . 7 ( 7 ) 
1 2 0 . 4 ( 6 ) 
1 2 3 . 0 ( 6 ) 
1 1 9 . 5 ( 6 ) 
1 2 0 . 0 ( 5 ) 
1 1 8 . 4 ( 5 ) 
1 2 1 . 6 ( 6 ) 
1 1 9 . 0 ( 7 ) 
1 1 9 . 2 ( 8 ) 
1 2 2 . 0 ( 9 ) 
1 1 9 . 2 ( 8 ) 
1 1 9 . 1 ( 7 ) 
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Table 5. Least-squares planes 
The equat ions of the planes are expressed in the for i 
AX • BT • CZ = D, »here Χ, Ï , Ζ are in Я units in an 
orthogonal s e t of axes with X along a and Τ in the ab-plane 
perpendicular on X. 
Plane Atoms defininq А В С D 
t h e plane 
1 C(2) ,C{3) ,C(in , - 0 . C 9 6 3 -П.9291 - 0 . 3 5 7 2 - 7 . 6 0 » 2 
C ( 5 ) , C ( 6 ) , C ( 7 ) 
2 0 ( 1 ) , S ( 1 ) , С ( Ц , 0 .7751 - 0 . 0 4 5 2 - 0 . 6 3 0 2 - 0 . 1 6 5 7 
C ( 2 ) , S ( 2 ) 
3 S(2)
r




P l a n e 
C ( 1 ) 
C ( 8 ) 
С ( 9 ) 
C ( 1 0 ) 
С ( 2 ) 
C ( 3 ) 
C ( 1 ) 
С ( 5 ) 
C { 6 ) 
С ( 7 ) 
1 
- 0 . 0 2 7 ( 6 ) X 
0 . 0 9 7 ( 8 ) 
- 0 . 0 0 1 ( 8 ) 
0 . 1 1 9 ( 7 ) 
- 0 . 0 1 9 ( 5 ) 
0 . 0 1 4 ( 6 ) 
0 . 0 0 9 ( 7 ) 
- 0 . 0 1 9 ( 6 ) 
0 . 0 0 8 ( 6 ) 
0 . 0 1 1 ( 5 ) 
P l a n e 
0 ( 2 ) 
0 ( 3 ) 
0 ( 1 ) 
S ( 1 ) 
C ( 1 ) 
С ( 2 ) 
S ( 2 ) 
2 
0 . 3 7 8 ( 6 ) X 
0 . 7 i » 5 ( 7 ) 
- 0 . 0 1 2 ( 8 ) 
0 . 0 0 2 ( 3 ) 
- 0 . 0 0 1 ( 7 ) 
0 . 0 0 3 ( 7 ) 
- 0 . 0 0 0 ( 2 ) 
P l a n e 
0 ( 2 ) 
0 ( 3 ) 
S (2) 
C ( 1 1 ) 
C ( 1 2 ) 
C ( 1 3 ) 
C ( 1 4 ) 
С ( 1 5 ) 
C ( 1 6 ) 
3 
0 . 5 5 7 ( 5 ) i 
0 . 5 2 4 (5) 
0 . 0 0 0 ( 2 ) 
- P . 0 0 3 (5) 
- 0 . 0 0 1 ( 7 ) 
- 0 . 0 0 2 ( 7 ) 
0 . 0 0 7 ( 7 ) 
0 . 0 0 6 ( 7 ) 
- 0 . 0 1 6 ( 6 ) 
Angle between plane 1 and 2 i s 7 8 . 9 ° , betwesn plane 1 and 3 
i s 41 .9° , between piane 2 and 3 i s 76.9° 
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T a b l e 6. I n t e r m o l e c u l a r d i s t a n c e s l e s s than 3 . 6 % 
0 ( 2 ) - S ( 1 ) I 
0 ( ? ) - 0 ( 1 ) l 
C( 1 2 ) - 0 ( 1 ) I I 
C ( 1 3 ) - 0 { 1 ) I I 
C ( 9 ) - 0 ( 1 ) I I I 
C ( 1 4 ) - 0 ( 2 ) I V 
3 . 4 1 7 ( 7 ) Ä 
3 . 4 2 5 (10) 
3 . 1 7 6 ( 1 1 ) 
3 . 5 8 5 (14) 
3 . 5 0 4 ( 1 1 ) 
3 . 3 3 8 ( 1 0 ) 
Syametry c o i e : 
I = - x , - y*1 , - z 
I I = -if*1 , у + ^ , - z * i 
I I I = x*1 , - y + i , z*i 
14 = I , - y + l i , z * ^ 




АИР CQgpQBHiTIONS IH THE SOLID STATE 
I a t r o d a c t i o n 
In t h e f o u r s a l p h i n e s o f which t h e s t r u c t u r e s a r e 
i e t e r i i n e d i n t h e f o r e g o i n g c h a p t e r s , t h e f o l l o w i n g f u n c t i o n a l 
g r o u p s can be d i s t i n g u i s h e d : t h e m e s i t y l r i n g , t h e p h e n y l 
r i n g , t h e s u l p h i n e f u n c t i o n , t h e s u l p h o x i d e and the s u l p h o n e 
g r o u p . The s t r u c t u r a l p a r a i e t e r s such as bond d i s t a n c e s , bond 
a n g l e s and c o p l a n a r i t y w i l l be a n a l y s e d and compared with 
t h o s e o b t a i n e d f o r r e l a t e d s y s t e m s . In t h e l a s t s e c t i o n of 
t h i s c h a p t e r t h e c o n f o r m a t i o n i n t h e s o l i d s t a t e of the f o u r 
s a l p h i n e s w i l l be d i s c u s s e d and compared t o t h e c o n f o r m a t i o n 
i n s o l u t i o n . 
lbs.salBhiBe-ДГОДВ 
The assignment of the conf igurat ion of the sulphine 
system by means of spectroscop ic methods i s f u l l y confirmed by 
the I-ray a n a l y s i s . The s t r u c t u r a l parameters of the 
heterocumulenic CSO system are tabu lated in Table 1. 
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Г а Ы е 1. S t r u c t u r a l p a r a m e t e r s of t h e s u l p h i n a systam 
C-S S-0 C-S-0 
Z - 5 i i l p h o n 3 - s a l p h i n e (I) 1 . 6 2 2 ( 2 ) X 1 . 4 6 6 ( 3 ) I 1 1 5 . 2 ( 2 1 ° 
3 - 3 u l p h o Q e - s u l p h i n e ( I I ) 1 . 6 4 0 ( 7 ) 1 . 4 3 2 ( 7 ) 1 1 3 . 3 ( 4 ) 
Z - s u l p h o x i d e - s a l p h i n a ( I I I ) 1 . 6 1 4 ( 6 ) 1 . 4 6 4 ( 5 ) 1 1 3 . 3 ( 3 ) 
E - s u l p h o i i d e - s n l p h i n e (IV) 1 . 6 2 8 ( 5 ) 1 . 4 7 0 ( 5 ) 1 1 2 . 4 ( 3 ) 





1 1 6 . 5 ( 2 ) ° 
1 1 2 . 7 ( 4 ) 
1 1 9 . 3 ( 4 ) 
1 1 3 . 8 ( 3 ) 
© 
1 2 3 . 9 ( 1 ) ° 
1 2 6 . 5 ( 5 ) 
1 2 0 . 5 ( 3 ) 
1 2 6 . 5 ( 3 ) 
© 
1 1 9 . 3 ( 2 ) 0 
1 2 0 . 8 ( 5 ) 
1 1 9 . 3 (4) 
1 1 9 . 6 ( 3 ) 
115.8 123.9 119.5 
Table 2. Зове C=s d i s tances in thioketones 
Me Me 
s=Ç>=s
 (V) t î · : 
Me Me 
Me Me 






















A comparison of the C=S bond lengths of these sulphines 
«ith those reported in literarure for other C=s containing 
compounds should be perforned with great care, because the C=S 
fonction in шапу cases is part of a coniugated system or 
bonded ta atoms having lone pair electrons. 
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Th'* only a l i p h a t i c compounds c o n t a i n i n g a t h i o c a r b o n y l 
f u n c t i o n f lanked by s a t u r a t p d carbon atoms a r e t h o s e 
i n v e s t i ' f i t e d by C h i r r e l К Wil l iams (Table 2, compounds (v) and 
( І Г ) ) . Tha C=S bond i n t h e Dther compounds p r e s e n t e d in Table 
?, c l e a r l y a r e lengthened by d é l o c a l i s a t i o n of t h e 
π e l e c t r o n s . The averaqed l e n g t h f o r the c: = S bond i n s u l p h i n e s 
( l . fPB ?) i n ' l i c a t e s t h a t t h i s bond i s not a f u l l double bond, 
but t h a t some s i n q l e bond c h a r a c t e r must be p r e s e n t . 
» c c s p t i n g the e x i s t e n c e of a l i n e a r r e l a t i o n s h i p between 
bond o r d e r η and bond l e n q t h r , t h e bond o r 3 ? r of the C=S bond 
in s u l p h i n e s can be computed. By t a k i n g 1.60 Я as t h e l e n q t h 
t o r a f u l l double C = S bond (see compounds (v) , (УІ) a n i (VII) 
in ""able ">) чпЗ 1.£14 Ä for t he l enq th of t h e C-S s i n q l e bond 
(w- have ob ta ined t h i s va lue by averaqinq t h e l e n q t h s of 72 
C-5 bonds in a l i p h a t i c t h i o e t h e r s ) the r e l a t i o n s h i p r e a d s : 




 - i) 
( the c o n s t a n t s in t h i s r e l a t i o n s h i p a r e somewhat d i f f e r e n t 
from those i n a s i m i l a r one d e r i v e d by AbrчЬашзс 3»>). 
[,
v us inq t h i s Pquat ion a bond o r d e r of 1.Θ9 i s c a l c u l a t e d for 
t h ^ avoraqed bond l e n g t h 1.623 % of the C-S bond in t h e 
su lphina qroup. Likewise t h e r e e x i s t s a r e l a t i o n s h i p for bond 
o r i e r ν T S U S bond l e n q t h for s-Э b o n d s ' 3 ? r 3 3 ' , 
r
s
_ 0 = 1.69 - Г..Ц-) ( n s _ 0 - 1) 
" o i s o q u o n t i y t h e averaqed l e n g t h of 1.464 8 for t h e S-Э bond 
in t h e s u l p h i n e s c o r r e s p o n ' s with a bond o r d e r of 1.57. 
I t i s of i n t e r e s t to compare t h e s e e x p e r i m e n t a l l y 
o b t a i n e d C=S and C=T bond l e n g t h s and bond o r d e r s with t h o s e 
c a l c u l a t e d r e c e n t l y by Snyder and Harp<i*,»«> with CNDO 
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c a l c u l a t i o n s and geometry o p t i a i z a t i o n on the parent sulphine: 
H2C=S=0. 
The ca lcu la ted parameters are as f o l l o n s : 
C=S: length 1.63 Ä, bond order 2.0 
S=0: length 1.59 %, bond order 1.4 
C-S-0: angle 108 .6° 
Comparison of t h e s e t h e o r e t i c a l and experimental data r e v e a l s 
that the values for the C=S pair are in good agreement. The 
c a l c u l a t e d S=3 bond length and bond order are c e r t a i n l y 
i n c o r r e c t , a l s o the ca l cu la ted C-s-0 bond angle i s too smal l . 
Inspect ion of the coplanari ty of the centra l part of the 
sulphine molecules (plane 2 in chapters 2 to 5) shows that in 
many cases the sulphine carbon atom C(1) i s s l i g h t l y out of 
the plane through the three ad-jacent atoms (0.05 Я for (I)» 
0.00 X for ( I I ) , 0.ЭЭ Ì for ( H I ) and 0.02 I for ( IV)) · This 
means that C(1) has a s l i g h t pyramidal geometry which may be 
due t o some carbanion character of t h i s carbon atom [see 
i n t r o d u c t i o n ) . However, i t i s ev ident that the carbon atom lias 
predominantly s p 2 bybr id isat ion with only a very small sp 3 
contr ibut ion . 
The o v e r a l l conclusion of the foregoing cons iderat ions i s 
that the cumulated CSO system can be described best by the 
fo l lowing resonance s tructures of which the s t ruc tures & and R 
contr ibute about equa l ly , but С to a much l e s s e r ? i t a n t . 
\ = s ^ \ = ^ > - ^ 
/ / / 
A B C 
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Table 3. S t r u c t u r a l p a r a a e t e r s DE t h e CSO s y s t e a in d i f f e r e n t t y p e s of s u l p l i i n a s 
C-S C-S-0 S-0 OH d i s t a n c e 
Z-sulphone-sulphine (I) 1.622(2) К 115.2 {2)° 1.i»56(3) A none 
E-sulphone-sulphine (II) 1.64Э(7) 113.3(4) 1.i»32(7) n 
Z-SQlphotide-sulphina (III) 1.614(6) 113.3(3) 1.464(5) " 
E-sulphoiide-sulphine (IV) 1.628(5) 112.4(3) 1.470(5) " 
С 
\ C3·) 
5/ (xll) 1.64(1) 109.4(7) 1.50(1) 
(СЯ -) (pha-NH-) c=S=0<"> (XIII) 1.646(4) 109.4(2) 1.503(4) 2.01*», 2.33* λ 
(CU-) (НЭ -)r = S=0<36) (ну) 1.659(5) 107.7(2) 1.528(4) 1.70**, 1.89**, 2.56* 
(Аг-S-) (ІГ-НН-) C=S=0C3T) (XV) 1.706(4) 104.3(2) 1.553(3) 1.31**, 2.33* 
1.727(4) 104.1(2) 1.602(3) 1.21**, 2.21* 
(АГ-0-) (Ar-S = )C-S-3H«e> UT*) 1.754(2) 104.4(1) 1.624(2) 0.92*** 
* = i n t r a i o l e s i i l a r hydrogen b r i d g e 
** = i n t e r i o l e c u l a r " " 
*** = t r u e 0-H- bond 
- J 
The С-s-0 a n q l o of 114° and thf= c o p l a n a r i t y r>f 
t h e 0 = 5 ^ s y s t e m f o r a a s t r o n g i n d i c a t i o n f o r s o ? 
hVbri d i s î t i o n of t h ? s u l p h i i ? s u l p h u r a t a in . The d o v i ^ t i o n of 
t h o С-з-Т a n g l e from i t s i d « a l v a l u p of λ2^α may Ьэ c a u s e d by 
t h f r e p u l s i o n b f twepn t h e І О П Р p a i r s on t h e s u l p h u r ^nd t h ^ 
D i y q e n a t o m s . 
Th9 bond l e n g t h s i n t h e CSO ¡noioty i n 
t h i o a c e t a a i d e - S - o x i d e (XIV) and t h e r e l a t e d compounds ( X I I I ) , 
(XV) and (Х Г) ( s e ? т а Ь І Р 3) a r e s i g n i f i c a n t l y l o n g e r t h ^ n 
t h o s e i n t h e s u l p h i n e s ( T ) - ( i V ) of t h e p r e s a n t i n v e s t i g a t i o n · 
l o s t l i k e l y t h e bonds i n t h e t h i o a m i d e - S - o T i d e s w i l l be 
e l o n g a t e d by t h e p a r t i c i p a t i o n of t h e o x y g e n atom i n h y d r o g e n 
b o n d i n g 1 * * » . One c a n o b s e r v e a g r a d u a l i n c r e a s e of b o t h t h e 
^ - S and s~0 bond l e n g t h and a s i n u l t a n e o u s d e c r e a s e in t h « 
C-S-0 a n g l e g o i n g from compound (XIIT) t o compound (XVI). The 
i n t e r m o l B C u l a r h y d r o g e n b o n d s a r e s h o r t e n e d i n t h e гіапи-; o r d ^ r 
of s u c c e s s i o n . Tn compound (XVI) t h e C"-s and s-0 bond l ^ n i t h 
a r e v e r y с і о з э t o t h a t of t h e r e s p e c t i v e s i n g l e b o n d s and t h » 
C-S-0 a n g l e d o e s n o t d i f f e r v e r y much from a C - s - o a n g l e i n 
t h i o e t h e r s which i s i n d i c a t i v e of a more p r o n o u n c o d я р ' 
h y b r i d i s a t i o n of t h e s u l p h u r a t o m . Compound (XVI) i s n o t a 
s u l p h i n e , b u t r a t h e r an i m i n o - s u l p h e n i c a c i d . 
The v a l u e s f o r bond d i s t a n c e s and bond a n g l e s of t h 9 CSO 
B o i e t y i n t h e t r i t h i o c a r b o n a t e - S - a x i d e ( X I I ) r e s e m b l e t h o s e of 
t h e t h i o a m i d e - S - o x i d e ( X I I ) . I n v iew of t h e s u l p h u r c o n t a i n i n g 
s u b s t i t u e n t a t t h e s u l p h i n e c a r b o n atom a c l o s e a n a l o g y wi th 
t h e s u l p h i n y l - and s u l p h o n y l - s u l p h i n e s ( I ) - ( I V ) would have 
been e x p e c t e d . P o s s i b l y , t h e Ζ SO s y s t e m i n compound (XIT) 
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coniuga t e s with the th io lo-sulphur atoas as can be inferred 
Егош the shortened C-S bonds (1.72 and 1.73 Ä). s ince the 
s tructura l parameters of the compound (XII) are deternined 
l e s s accura te ly , a comparison of these values nith those of 
other su lphines in Table 3 i s somewhat t e n t a t i v e . 
ЕЬ*:_£Ьеп21зи1БЬоп^1_дгри2 
ThP ЯО2 group in ?,- and Z-sulphone-sulphines e x h i b i t s a 
geometry that can be described as a d i s t o r t e d tetrahedron. 
Such a qeomotry i s encountered in a large nuaber of 
phsnyl-sul ptionps described in l i t p r a t u r e . The O-S-O bond angle 
in the sulphone-sulphinos i s near 120°, the C-s-C bond angle 
i s 1Т'3Э for the Е-ізошег and 1^7° for the Z-isoaer, and the 
C-S-O bood ang les are c l o s e to 1^8°. The S-0 bond d i s t a n c e s 
ranges from 1.42'» Ä to 1.4Ц7 І and the C(11»-S(2) bond length 
i s 1.757 Ä for t.h° Z- and 1.752 % for the E-isomers. These 
bond angles and bond lengths agree vary n i c e l y with those 
found for ph?nyi sulphones in g ê n e r a i « 3 » » * 0 » · « r 4 2 » * ' > . Such a 
geom?try i s probably t y p i c a l for a s p 3 d 2 h y b r i d i s a t i o n * 3 * r · 5 > 
of the sulphone sulphur atom in phenyl-sulphones. Attention 
has t o be given to the C(11)-S(2) bond (1.757 I
 and 1.752 Ì in 
(I) and (II) r e s p e c t i v e l y ) which i s shorter than the 
coœparable bond in phenyl -sulphoxides . This shortening i s 
c l e a r l y the r e s u l t of a con-jugative e f f e c t between the phenyl 
group and the sulphone funct ion*« ? »• •> . P o s s i b l y , there i s 
a l s o a s a a l l conjugat ivs e f f e c t between t h e sulphine and 
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salphone fonct ion, because the C(1)-S(2) bond i s a l i t t l e 
shor ter than the sane bond in the su lphoxide-sulphines. 
The mean va lues of the C-C bonds in t h e phenyl rinq are 
1.381(5) % for Z-sulphone-sulphine and 1.378(61 %. for 
E-sulphone-sulphine and these are not s i g n i f i c a n t l y d i f ferent 
from the value usual ly found in phenyl r i n g s . Thare i s not 
Much d i f f s rence between the d i s t a n c e s of the sulphone oiyqen 
atoms fro« the plane through the phenyl r ing. This neans that 
the plane b i s e c t i n g the O-S-0 angle of the sulphone group i s 
nearly perpendicular t o the plane through the phenyl rinq. 
The phenyIsnlphinyl group 
The pyraaidal geometry of the su lphinyl sulphur atom in 
the E- and z-su lphoxide-sa lphines i s character ized by the 
C-S-C angle of about 97.5° and O-S-C a n g l e s between 105° and 
108°. This type of qaoisetry was obserred for a large number of 
sulphoEides. The S-0 bond d i s t a n c e s , 1.476 Я and 1.481» % are 
somewhat shorter than the averaged value for s u l p h o x i i e s , but 
s t i l l i n the range of 1.471 Я to 1.521 % found in other 
p h e n y l - s u l p h o x i d e s « * 4 » » « ' . « ! » » * . ' * , ^ ) . 
The C(11)-S(2) bond lengths (1.794 % and 1.784 Я in (III ) 
and (17) r e s p e c t i v e l y ) are somewhat longer than those in the 
snlphone-sulphines. The C(1)-S(2) bond l e n g t h s (1.831 Я and 
1.807 Я i n (III ) and (Iv) r e s p e c t i v e l y ) are even very c l o s e to 
the va lue of a s i n g l e carbon-sulphur bond (1.814 %). These 
observat ions i n d i c a t e that the conjuqative e f f e c t of the 
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su lphoxi ie funct ion with the adjacent phenyl r ing and sulphine 
function i s appreciably smaller than that of the sulphone 
group. Again the near» values of the carbon-carbon d i s t a n c e s i n 
the phenyl r ing (1 .378(2) ï for conpound (III) and 1.379(4) λ 
for compouni (IT)) are not s i g n i f i c a n t l y d i f ferent fron the 
value 1.385 I that i s usual ly found. 
The mes i ty l group 
The measured bond lengths of the a e s i t y l group in the 
four su lph ines i n d i c a t e that the aromatic ring d e v i a t e s 
considerably from a regular s ix- ieabered r ing . The degree of 
deforaation i s not qu i te the same for the four Compounds. 
Therefore, a comparison of the ind iv idual bond l e n g t h s i n t h e 
mesi ty l group i s rather d i f f i c u l t . However, from the averaged 
bond l e n g t h s of the (chemically) comparable bonds some 
conclus ions can be drawn. 
ГаЫе 4. Averaged bond lengths in the mesity l group (for the 
d i s t a n c e C(1)-C(2) the est imated standard d e v i a t i o n s 
are given in parentheses, otherwise the ca lcu la ted 
standard d e v i a t i o n s are given) 
average average average 
ring C-C C-CH3 C(1)-C(2) 
Z-sulphone-sulphine (I) 1.395(5) Ä 1.507(6) I 1.484(3) І 
E-sulphone-sulphine (II) 1.384(12) 1.518(9) 1.488(9) 
Z-sulphoxide-sulphine (III ) 1.387(4) 1.514(4) 1.491(7) 
E-sulphoxide-sulphine (IV) 1.388(5) 1.513(4) 1.481(5) 
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(I) ( I I I ) 
(ID (IY) 
Γ ig. 1. 
Π tí оггач t i o n j in tii e віэзі t y l г і а ^ . 
n i .4 t ìnc?s from th-» Lpast-nq uar-эз p l a n e a r o qivr-n in 
i? t і-тшоіесиіаг c o n t a c t s , ui t i i tha d i s t a n c e qiv^n in R. 
i n t r a m o l ^ r u l î r c o n t a c t . 
Ä. F u l l ar rows denot--; sho r t 
Dashed arrows dciiot4 a s h o r t 
The data as c o l l e c t e d in Table 4, гетеа і that the aromatic 
carbon-carbon hond length in t h e s e mes i ty l groups i s in good 
agreement uith ttis valaa actua l ly encountered in con 
s u b s t i t u t e d phenyl r i n g s (1.385 Ä) . I t should a l s o be noted 
that the ins ide ang les at those carbon atoiis bearing a methyl 
group are smaller than 120°. This e f f e c t r s s u l t s in a 
lef orma ti on of tha aromatic ring in which the carbon atoms 
bearing the methyl s u b s t i t u e n t s are farther from the centre of 
the ring than the unsubst i tuted carbon atoms. λ l i k e l y 
explanation for the deformation in the indicated sense i s the 
minimization of the s t e r i c repuls ion of the mes i ty l groups 
and i t s d i r e c t neighbours. 
The averaged С-СНт d i s t a n c e s are a l i t t l e shorter than a 
s i n g l e a l i p h a t i c carbon-carbon bond. In view of the 
r e l a t i o n s h i p between bond lengths and s t a t e of hybr id i sat ion 
Df a carbon atom, as found by Lide< 5 S >, t h i s i s to be 
expacted. Using Lides рвріг ісаі codaient atomic r a d i i a 
C(sp 3 ) -C(sp 2 ) s i n g l e bond length of 1.501 % i s pred icted. The 
observed C-CH bond d i s t a n c e s are somewhat longer; however» 
th'.i d i f f erences are barely s i g n i f i c a n t with respect to the i r 
standard d e v i a t i o n s . The values of the C(1)-C(2) bond lengths 
аГР in f u l l accordance with the predicted length for a 
C(sp2 |-C(sp 2 ) s i n g l e bond (1.486 &). 
The aromatic carbon atoms of the mes i ty l group are 
coplanrir within the estimated standard d e v i a t i o n s . However, 
ths carbon atoms of the methyl groups and a l s o C(1) are 
Tigni! ic-ìntly out of t h i s aromatic plane. This out of plane 
pos i t ion of the methyl groups again contr ibutes to the r e l i e f 
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»f t h e s t e r i c i n t e r a c t i o n s of these groups with i t s 
neighbours. The d i r e c t i o n in which the s u b s t i t u e n t s are l i f t e d 
out of the aroeat i c plane i s governed by the short 
intermolecular contac t s of t h e s e groups e i t h adjacent 
molecules in the c r y s t a l l a t t i c e , as i l l u s t r a t e d in F i g . 1 . 
Since tha z~sulphoxi3e-sulphine and Z-sulphone-salphine have 
a l a o s t an i d e n t i c a l arrangement i n the c r y s t a l , they show in 
t h i s respect the s a i e pattern of r e l i e f of s t e r i c repuls ion. 
Çojifûr§atiaBS 
Rotations about the bonds С (21-CM), C(1)-s(2) and 
X ^ / L ^ 5(2)-C(11) e f f e c t i v e l y determine the conformations 
^ ' L ^ L of the studied compounds. The angle between the 
tr^f. oc 
[^ p lane through the arnmatic carbon atoms of the 
mes i ty l group and the plane deterained by the 
atoms С (2) , С (1) and S(2) i s c a l l e d α and r e f l e c t s 
the rotat ion arouad hand C(2)-C(1) . 
Γhe angle 0 i s defined as the angle between the plane through 
the atoms C(2),C(1)and S(2) and the plane determined by С (1 ) , 
S(2) and C(11) and i s a s s o c i a t e d with the r o t a t i o n about the 
c e n t r a l bond C ( 1 ) - S ( 2 ) . The angle β i s zero for the folded 
s - c i s conformation (the two aromatic r ings face to f a c e ) . The 
angle у which r e f l e c t s the r o t a t i o n about the bond С(11)-S(2) 
i s defined as t h e d ihedral angle between the plane through the 
atoms С ( 1 ) , S(2) and Cii) and the plane of the phenyl r ing. 
The va lues for t h e s e conformational a n g l e s in the s o l i d s t a t e 
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in the four sulphines are c o l l e c t e d in Table 5. The 
conformations as found fron І-ГаУ a n a l y s i s viewed 
perpendicular on th« a e s i t y l ring are pictured in F ig .2 · The 
data in Table 5 reveal that the d i f f e r e n c e s i n the 
conformation are predominantly determined by r o t a t i o n s about 
the c e n t r a l bond C ( l ) - S ( 2 ) f because the v a r i a t i o n s in the 
angles α and y are much smal ler than i n f l . 
Table 5. Conformational angles in the s o l i d s t a t e 
Z-sulphone-sulphine (I) 
E-sulphone-sulphine (IT) 
Z-sulphoxide-sulphina (III ) 
E-sulphoi ide-sulphine (iV) 
α 
8 3 . 2 » 
7 8 . 8 
71». 4 
6 8 . 1 
ß 
1 3 1 . 9 ° 
8 1 . 8 
1 1 5 . 6 
6 5 . 4 
V 
93.5<> 
8 8 . 1 
9 5 . 2 
9 4 . 3 
(Ш) ( И ) (Ш) 
Цо^оГТ 
(I) 
Fig.2. The molecules of the four sulphines« seen 
perpendicular to the aesityl ring 
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Judging from the s t e r i c repulsioQ of the ortho-methyl groups 
n i th the S(1) atom in the Z-isomers and the S(1) and 0(1) 
atoms i n the H-isomars an ot value of 90° would e n e r g e t i c a l l y 
be the most favourable s i t u a t i o n . Apparently, the s u b s t i t u e n t 
(SO-Cj-Hg and SOCgHc, respect i ve ly ) a t the sulphine carbon atoa 
introduces add i t iona l i n t e r a c t i o n s r e s u l t i n g in a dev ia t ion 
from o r t h o g o n a l i t y . 
By taking CX = 3 ° , tha su lphine function both in the 
Ε-isomers and in the z-isomers exper iences a severe s t e r i c 
i n t e r a c t i o n with an ortho-methyl group. In accordance herewith 
i s the e i i s t e n c e of a rather large barriar to rotat ion about 
the C(1|-C(2) bond as observed by Tangerman and 
Zwanenbarg t s · ' . For the E-isomers the Д^с amounts to about 24 
kcal/mole and for the Z-isomers to about 19 kcal/mole. 
The angle у v a r i e s only within a very U n i t e d range. In 
order t o exp la in t h i s conformational preferance, two f a c t o r s 
ought t o be considered. F i r s t l y , the con-jugation e f f e c t of the 
phenyl ring and the sulphone group w i l l d i r e c t у in a manner 
which y i e l d s the maximum resonance energy, hence t o a у of 
90°. The conjugation between the sulphoxide group and phenyl 
ring i s smal ler than in the sulphone case , nevertha lass i t 
s t i l l may be a governing factor for the rotat ion around 
C(11)-S(2) and there fore probably w i l l r e s u l t in a у of 9?°. 
Secondly, the r o t a t i o n around C(11)-S(2) may be hampered by 
t h e a e s i t y l group and/or sulphine system dapandin^ on thp 
value of the angla p . 
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Fi'}.? and Tablo "i show t h a t the p r s f a r r e i conEorna t ions 
Ln th-i ^ - i somer s have a h a l f - f o l d e d s t r u c t u r e as f a r a s 
ro t - i t ion ibout C(1)-S(2) i s concerned, while f o r the Z - i s o n a r s 
tho conformat ions eau be d e s c r i b e d as h a l f - l i n e a r . The 
• i i ffecünce in β for t h e su lphox ide- and s u l p h o n e - s u l p h i n a s i s 
c l o a r l y dsmonst ra ted in F i g · 1 · 
F i q . 3 . 
r i n q e r m a n ( > 3 ' c o n c l u d f i from a d e t a i l e d a n a l y s i s of НИН 
s p o l t r a in c o n i u n c t i o n with i i p o l e moments t h a t t h e fo l lowing 
p r e f t E г ' л c o n f o r m a t i o n s a r e p r e s e n t in s o l u t i o n ( r f r . Г і ^ . Ч ) : 
for thf z - s u l p h o n s - s u l p h i n - s (I) an e q u i l i b r i u m between t h e 
соапі-іэшогіс h a l t - l i n e a r c o n f o r m a t i o n s (a) and (b) ; f o r t h e 
• î- . iulphono-sulphi пэз ( I I ) ao e q u i l i b r i u a between t h e 
pn-mt і о т т і с h a l f - f o l d e d c o n f o r m a t i o n s (c) and (i) ; for the 
r - s u l p h o x i d e - s u l p h i n - s ( I I I ) an e q u i l i b r i u m between t h e 
d i a s t ö c e o m e r i c h a l f - f o l d o d conformat ion (e) and ( f ) , of which 
conforma i-ion (») i s prpdominant ly p r e s e n t ; and fo r the 
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E-su lpho i ide - su lph ines (IT) an equi l ibrium between the 
diastereomeric h a l f - f o l d e d conformations (q) and (h) , of which 








F i q . 4 . Conformations of the su lph ines in s o l u t i o n 
I t i s of i n t e r a s t to compare t h e s e r e s u l t s obtained in 
s o l u t i o n with those in the s o l i d s t a t e . I t must be remembered 
that for a l l the compounds both enantiomeric forms of the 
molecule are present i n the s o l i d s t a t e , because the c r y s t a l 
s t r u c t u r e s are centrosymaetric . The fo l lowing conformations 
• e r e found in s o l i d s t a t e : the conformation (a) for 
Z-snlphone-sulphine ( I ) , conformation (c) for 
E-sulphone-sulphine (II) and the conformation (q) for 
B-sulphoxide-sulphine ( IV) . For z - su lphox ide - su lph ine (III) 
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not conformi tiOD {в), but a h a l f - l i n e a r conformation vas 
Eonnd. Why these d i f ferent conforsat ions are present in 






I t i s g e n e r a l l y h«H t h a t non-bonded i n t e r a c t i o n s play 
th-i main ro lp in de te rmin ing tho molecular conformat ion. 
Keglpc t ing o thpr i n t p r a c t i o n r . , confo rmat iona l епзгдіря of t h s 
i s o l a t e d moléculas of thf сэшрэипЗз s t u d i a i in t h i s t h e s i s 
have be.'n computod a s f u n c t i o n of t h e c o n f o r m a t i o n a l a n g l ñ s o í , 
β and ν de f ined in ch-iptpr 6. In ttia c a l c u l a t i o n s , thr-
molecular geometry a s d e t ^ r a i n e l by X-ray a n a l y s i s has bec>n 
used, keeping t h e c o n f o r m d t i o n a l a n g l e γ fixpd a t 9'1 0 and 
a l lowing tha c o n f o r m a t i o n a l ang les α and j3 t o vary 
c o n t i o u o u s l y . Non-bonded i n t p r a c t i o n s tak;r->n i n t o account w=>re 
Coulomb i n t s r a c t i o n s and van der Waals i n t e r a c t i o n s , t. r.n 
l a t t e r being reprf-snn to \ by Gemi-empirica 1 p o t a n t i оглі 
f u n c t i o n s d e s c r i b i n i t h ^ i n t e r a c t i o n s between p a i r s of 
non-bonded atoms. l i n i m a of a c o n f o r m a t i o n a l snsrgy curv^ 
computed i n t h i s way r t p r e s e i t f a v o u r a b l e c o n f o r m a t i o n s of 
i s o l a t e d molecules as far a s tht-s? c o n f o r m a t i o n s агч 
d e t e r m i n a i by uon-boni^d i n t e r a c t i o n s . The c a l c u l a t e d 
c o n f o r m a t i o n s with minimal energy ( the numerical r s s u l t s for 
t h e c o n f o r m a t i o n a l a n g l e s α and ρ ) w i l l be» compared with H e 
c o n f o r m a t i o n s o b t a i n e d from t h r x-ray cry^.tdl s t r u r t u r s 
80 
(chiptor β), and they w i l l be used in the i n t e r p r e t a t i o n of 
»ГКл c a l c u l a t i o n s (chapt3r Θ) . 
Thn interatomic: potent ional enerqy И for two non-bonded 
atoms i s represented by: 
W = А зхр(-Яг) - Cr-* + кПг-1 (1) 
The f i r s t two terms of formula (1) represent a van Ier Waals 
i n t e r a c t i o n , which i s expressed in thp 'Buckinqham' f o r n * 7 2 1 
and the l î s t term rSpr^sents the СэиіэшЬ i n t e r a c t i o n . In t h i s 
formula г i s a non-bonded interatomic d i s t a n c e , λ and В are 
thp parameters for the r e p u l s i v e atom-atom i n t e r a c t i o n and С 
i s the parameter for the a t t r a c t i v e atom-atom i n t a r a s t i o n . D 
i s ths product of tha charqps on the atoms (in un i t s of proton 
charge) and k i s a known conversion factor . 
For the i n t e r a c t i o n s in which atoms of a nethyl group are 
involved» t h e s e atoms are considered аз a »s inq le atom' (He) 
»ith a pert inent s^t of potent iona l parameters. The 
i n t e r a c t i o n s which have to be taken in to account are a l l 
i n t e r a c t i o n s between atoms C, H, 0, s and Me. Potantional 
parameters for the C.. . C, H. . . H, 0 . . . 0, S . . . S and He. . . B e 
i n t e r a c t i o n s are given in Table 1. AS an example one of the 
van der Waals potent ional curves (C...C) i s shown in P i g . 1 . 
Cot^ntionîl parametsrs for mixed i n t e r a c t i o n s have been 
ca lculated from those in Table 1 (see below) and are tabulated 
in ГэЫэ 2. In order t o get the minimum of the potent iona l 
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func t ion f o r the a romat ic carbon atoœ at a d i s t a n c e 
co r re spond ing with a van der waals r a d i u s of 1.85 % (a 
=омиоп1у i j s a p t e d value for t h e h a l f - t h i c k n e s s of t h e benzene 
r i n g ) , t h e p a r a m e t e r A for the C . . . C i n t H r a c t i o n д і эп in 
Table 1 h a s been r e c a l c u l a t e d fCDii t h e d a t a given in r^f. 57. 
To a c h i e v e t h i s , t h e В and С v a ] u e s a s g iven in the r e f e r e n c e 
c i t e d were used and t h e n t h e complete f u n c t i o n was minimized 
a t a d i s t a n c e of twice t h e van der Baals r a d i u s . The 
p a r a m e t e r s В and С of t h e mixed i n t e r a c t i o n s иэгэ o b t a i n e d 
by a v e r a q i n g g e o m e t r i c i l l y t e o ) t h e terms of the unmixed 
f u n c t i o n s a s given i n Table 1. The p a r a m e t e r s A of tha oiixsd 
i n t e r a c t i o n s were c a l c u l a t e d as d e s c r i b e d above for t h e 
a r o m a t i c C. . .C i n t e r a c t i o n , us ing t h e p e r t i n e n t van der Waals 
r a d i i . 
Kcal/mola , , 
0.2 
tu-· 
0 . 0 — V — i — * 1 
-0.1 X^^/"^ 
3.5 4.5 5.5 
P i g . 1 . (fan der Kaals p o t e n t i a l c u r v for t i ? nor.-bDnJ' jJ 
C . . . . C i n t e r a c t ! o n 
(van der Нааік rd ' l ius 1.чг, Χ). 
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Table 1 . Potant ia l parameters 
'Jnits of the parameters are su=h that the snarqy i s 
expressed in Iccal/ioLe «hen the i n t e r a ton ic d i s tance 
i s given in Ä. 
Яе represents tl»e n^tliyi group. 
I n t ß r d c t i o n A . I ^ - 3 
С . . . С 
0 . . . . 0 
H и 
s . . . .s 
M e . . l e 
5 7 . 2 3 
186.«»n 
9 . 1 7 
2 2 0 . 8 0 
2 7 3 . 9 0 
В 
3 . 6 ^ 
4 . 5 5 
Ц.5Ц 
3 . C 2 
3 . 3 3 
С 
5 3 5 
200 
i»5. 
1 4 3 0 
2 9 4 3 . 
2 
,θ 
v a n d e r W a a l s 
r a d i u s 
1 . 8 5 8 
1 . 6 3 
1 . 2 Θ 
1 . 9 3 5 
2 . 1 0 






Table 2. Derived potant ia l para ie ters for s i t e d i n t e r a c t i o n s 
I n t e r a c t i o n 
С. . . Э 
С .Η 
с... s 
С . . . Μ ε 
Ο . . . Η 
O...S 
0 . . . f e 
H . . . S 
ri...Me 
5 . . . М э 
». 1 0 - 3 
1 ^ 3 . 6 
2U. 35 
1 1 2 . 2 
1 2 5 . 0 
3 8 . 9 
•Όβ.α 
2 3 5 . 9 
1*7.5 
5 7 . 3 
2 3 4 . 2 
В 
4 . 0 5 
4 . 0 4 
3 . 6 1 
3 . 4 6 
4 . 5 4 
4 . 0 6 
3 . 8 9 
4 . 0 5 
3 . 8 9 
3 . 4 7 
С 
3 2 7 . 1 
1 5 5 . 5 
8 7 4 . 7 
1 2 5 5 . 0 
9 5 . 1 
5 3 4 . 8 
7 6 7 . 3 
2 4 5 . 2 
3 6 4 . 8 
2 ' , 5 1 . 7 
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In t h e compounds s t u d i e d , t h e su lphur and oKv:j->n atoms 
have Î p a r t i a l charge for which i t i s r a t h e r l î i f f i c u l t t o f ind 
s u i t a b l e e s t i a a t e s . Ноыр ег , as w i l l bd shown in ths next 
p a r a g r a p h , t h e p o s i t i o n s of t h e minima i n t h e energy curves 
a r e r a t h e r independent of the magnitude of t h e s a c t iarqas . For 
t h e s u l p h u r and oxygen atom of t h e s u l p h i n o group, lO-rc-CVDO 
c a l c u l a t i o n s f o r t h i o c a r b o n y l — і о п о х і Л е 1 , * » * * > r e s u l t in a 
c h a r g e of «-n.SI for S and - 0 . 6 1 for 0 ( in u n i t s of proton 
c h a r g e ) . In the Coulomb energy c a l c u l a t i o n s for t h e compounds 
s t u d i e d , t h e s e charges were used f o r s u l p h i n e s ^nd 0, for toa 
s u l p h o x i i s group p a r t i a l charges of +C.1*2 for s u l p h u r and 
-0 .42 for oxygen were used. These c h a r g e s wera cdlcul i t=>l from 
t h e d i p o l e moments of tht- S-Э bond a s determined by Сиігр=>г<ы> 
f o r v a r i o u s s n l p h o x i J a s . To f ind r n a s o n a b l e e s t i m a t e s for t h e 
c h a r g e s in t h e sulphone group i s even more d i f f i c u l t , but w? 
assumel th a sama chargp s e p a r a t i o n in t h e 'ì-Э bonds of t h p 
su lphone group as in t h e c o r r e s p o n d i n g bonds of tha sulphoxLle 
g r o u p . Thi s r e s u l t s in a p a r t i a l charge of •'".I'4 on t h e 
s u l p h u r and -1.Ц2 on t h e oxygen atom. 
For t h e c a l c u l a t i o n of thr> c o n f o r m a t i o n a l é n e r g i e s , WP 
assume t h a t the molecules of f i » s u l p n i n e s Ttudie' i in t h i s 
t h e s i s c o n s i s t of four r i g i d bod ie s : the m - s i t y l group, tha 
s u l p h i n e g r o u p , the su lphox ide or su lphonf group and t h e 
phenyl r i n g . 
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•-'he conformation oC the molecules have been 
iescr ibed in terms of three r o t a t i o n s « , (3 and 
γ (dßfined in chapter 6) around tlis bonds 
^onnpcting the four r i g i d bodies . All c a l c u l a t i o n s 
d i « 
¿> Ρ have been performed using the computar program 
/Λ * Н11Я by P.R.Businq<70i
r
 applying formula (1) and 
the potent ional paraaeters as дітеп in Table 1 and 
Table 2. 
Tho ;onf огвч t i o n a l эпді^ j3 was »ar ied from 0° (the ' f o l d e d ' 
conforaation) to 36' , 0 in s t e p s of 10°. For each value of/3 , 
«was varied'from 6"» to 1 2 л о in s t e p s of 2 . 5 ° . notat ion angle 
γ has been kept f ixed at 90° in a l l c a l c u l a t i o n s . This w i l l 
not s e r i o u s l y a f f e c t th» r e s u l t s of the c a l c u l a t i o n s , s i n c e i t 
i s known troia the c r y s t a l s tructure ana lys i s that for a l l four 
sulphines γ i s c l o s e to 90° (maximum d e v i a t i o n : 5 Э ) . Ногаэтег, 
i t has been e s t a b l i s h e d («г,63} that for pheny1-sulphones and 
Dhenyl-sulphoxides the conformation with ^ = 90» i s the most 
favourable one. For each p value the minimum energy and the 
value of ex a s s o c i a t e d with that minimum were found by l i n e a r 
extrapo lat ion of the energy as function of α . The r e s u l t i n g 
conformational energ ies were p l o t t e d as function of ƒ3 and are 
represented in Fig.U. Figures 2 and 3 show the indiv idual van 
der Waals and Coulomb confDrmational energ ies as funct ion of 
p. Fig,5 shows the va lues of cX for which a minimal energy was 
found. The c a l c u l a t e d conforaat ions with minimal energy ( the 
numorical r e s u l t s for the conformational ang les ex an i f l ) are 
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F i q . 2 . Plot of t h ¿ van der Waals ensrqy for 
Z- su lphone - su lph in« ( I ) , F - su lphon^ - su lph in f ( I I ) , 
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KCîl/тоІэ 
24? 30? 3 6 0 ° ^ 
F i q . t t . P l o t of the o v e r a l l c o n f o r m a t i o n a l energy (sum of t h e 
van der Haals and Coulomb e n e r q y ) . C r y s t a l s t r u c t u r e 
c o n f o r m a t i o n s have been marked with a s t e r i s k s . 
100* 
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F i q . 1 ) . Vî lu?s of Oí for uhich minimal energy was found. 
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Table з . Calculated conformatioaal ang les for i s o l a t e d 
•olee u l e s 
( y has been f ixed at 4^°; the -onforœational anqles 
in the c r y s t a l s t ruc tures are given in parentheses) 
Z-sulphone-sulphine (I) 87» (81) 1350(132) (01) 
E-sulphone-sulphine (II) 90 (79) 0 (821 (88) 
Z-sulphoEide-sulphine (III) 78 (7Ц) 105 (116) (95) 
E-sulphoi ide-sulphine (IV) 75 (6Я) i»5 (65) pi*) 
af the l o l e c u l e , the choice of the p o t e n t i a l parameters and 
the e s t i m a t e s of the charges on the atoms.ro get an impression 
of the v a r i a t i o n of the p o s i t i o n of the minima in th2 o v s r a l l 
enargy curve (Fig. if) with changes in the above mentioned 
aarameters, a number of c a l c u l a t i o n s with v a r i a t i o n s in tháSs 
parameters have bean performed. These c a l c u l a t i o n s included 
the f o l l o v i n g v a r i a t i o n s : 
-a c i l c u l a t i o n with a y value of 82° 
- a c a l c u l a t i o n with a C..·С p o t e n t i a l function based on a 
van der Waals radius of 1.78 Ä 
-a c i l c u l a t i o n ia which the charge of the окудеп atoms of 
the sulphone group has been changed by + 0 . 1 e. 
I t appears that changing y does not af fect the p o s i t i o n of the 
minima but r e s u l t s in a change of a few i e g r a a s i n « . This i s 
e a s i l y understood s i n c e the conformational angles α and γ are 
s t rong ly Correlated. The other v a r i a t i o n s mentioned r e s u l t e d 
in a change in the nuraprical value of 13 (a t the p o s i t i o n s of 
minimal energy) of no more than 5°. 
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Oiscussion 
Van der Wials an?rgy curves. 
Fron F ig .2 i t appears that the van der Haals energy 
curves £or a l l four su lphioes have three more or l e s s 
pronounced naxima. These шахіша represent conformations with 
strong intramolecular s t e r i c hindrance. The highest maxima 
o r i g i n a t e from the i n t e r a c t i o n between ths phsnyl group and 
the s u l p i i n e group. For the Z-isomers (I) and ( I I I ) , the 
masimua at β =-\dfi0 i s higher than for the corresponding 
ε-isomers (II) and (Iv) , s i n c e in the former case not only the 
sulphur atom of the su lphine group has a short d i s tance to the 
phenyl ring but a l s o i t s oxygen atom. From the c r y s t a l 
s tructure data i t i s known that the sum of ths anglas 
3 ( 1 1 ) - S ( 2 | - C ( 1 ) , S(2 |-C(1)-S(1> and C(1)-S (1)-0 (1) i s 332o for 
thr» z-sulphoxide-sulphinp (III ) (pig. ft chapter 4) and 146° for 
the Z-sulphona-sulphinp (I) (i?ig.3 chapter 2 ) . Conssguently, 
i t ρ = 130° the l i s t a n c 3 h^tiieen the 3ulphine-oxygen and t h e 
phenyl r ing i s considerably short«r in the former compound, 
resu l t ing in the high maximum. r For such a case the abso lute 
height of the maximum i s meaninglsss, s inca honied 
i n t e r a c t i o n s are ne-jl^cted. Tha maximum w i l l be considerably 
reduced by a s l i g h t bond-angle deformation of the three angles 
mentioned above). Sid« maxima (Fig.2) appear a t 0 = 7 3 ° and 
P=r??C0. For tha z-sulphDxidp-5ulphi!ie ( I I I ) the r e p u l s i v e 
i n t e r a c t i o n s at ß^l")0 лте: 
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-betifeen the ortho- methyl qroup нэ ( 1) (Fig. 6) and the 
phsnyl ring 
-between the ortho-nethyl group Ka(2) and tha sulphoxide 
oxygen; 
and at 0 x 9 0 ° : 
-between the ortho-methyl group PP (2) and the phenyl ring 
-between the su lphine qroup and the sulphoxide охудэп. 
Рог the E-sulphoxide-sulphinf» (IV) the s i t u a t i o n at β— 70° i s 
comparable with the s i t u a t i o n for the Z-isomer (III ) at 
05=290» except for the smaller i n t e r a c t i o n between sulphoxide 
oxygen ani the sulphine group, which i s a conseguence of the 
larger d i s t a n c e between the oxygen atoms in th3 casa of tha 
E-isomer (IV). As appears from Fig.Sr for t h i s conformation of 
t h e E-sulphoi ide-sulphine (IV) the angle α d e v i a t e s more from 
90° than the angle ex in the Z-isoaer (III ) in the conformation 
with p=:290 o . This w i l l resu l t in a smal ler repuls ion between 
the phenyl r ing and the ortho-methyl group. Both e f f e c t s 
together reduce the s i d e maximum for the ^-isomer (IV) at 
/3s:70o to a shoulder. For the E-sulphoxide-sulphina (IV) at 
05=290° r e p u l s i o n s are the same as in the case of the Z-isomar 
( I I I ) at ρ«:70 ο . For the Z-sulphone-sulphine (I) the r e p u l s i v e 
i n t e r a c t i o n s at j3=:70o and at fi-ZW0 are : 
-between an ortho-methyl jroup and the phenyl r ing 
-between the other ortho-methyl group and a sulphone 
oxygen 
-between the su lphine group and a sulphone охудзп. 
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This notisi J e r a t i o n i s a l s o a p p l i c a b l e t o t h e 
F - su lphone- su lpn in f ( I I ) , but the r e p u l s i o n betvean sulphone 
oxyjun anä tha s u l p h i n s group i s s e n i l e r in t h i s c a s e , which 
r i - s u l t j in Іоиі-Т яі.1е maxima a s comparad t o t h e 
с-sulpnor^-sulphine (I) . 
'""h- зЬэ е d i s c u s s i o n d e s c r i b e s t h e c a l c u l a t e d van der 
- a d l s enerqy curvos in torms of s t a r i c h i n d r a n c e , with 
t-ftp эпогшоиз amount of s t r u c t u r a l d a t a p r e s e n t l y 
ч а і І а Ы н in t h e l i t e r a t u r e , i t i s r a t h e r s imple t o 
r n l i c many i i s c u s s i o n s about s t e r i c h i n d r a n c e by 
calculât-od eii^rqy curves.") 
"ouloci1· i i ierqy cu rves 
ГІі" Coulomb enrrqy c u r v e s for tha E- and ^ 
- - s u l p h o x i d e - s u l p h i n e s , ( IV) - and ( I I I ) , a r e s i m p l e ones having 
ore minimum and ont1 maximum, c o r r s s p o n d i n q with the 
j o n f о г л а t i o n s Ln v h i c i t h e oxy^^n atoa of t h f s u l p h o x i d e group 
i s i t nor c l o s e t o or f a r a p a r t from tha s u l p h i n e 5roup. For 
t„ · ¿ - s u l p h o n e - s u l p h i n e (I) the Coulomb energy r e a c h e s a 
Hdximum for confo rmat ions in wnich t h e s u l p h i n e oxy^an i s as 
c lo se Í S p o s s i b l e t o ano ther oxygen atom, hence t h e Coulomb 
curve ror t h i b compound shows two maxima. For the 
conformat ions of t h i s molécula in which both oxygen atoms of 
tn^ -.ulpuonG group aro as fa r a p a r t a s p o s s i b l e fron the 
4u l2b in j охуэ^п, trio Coulomb energy curve has t h e lowest 
minimuc!. _π tt.f^ F-sulphono- sulphinr* ( I I ) , the i n t e r a c t i o n 
h-ïtwe 11 tho su lp ione oxyqïns and th« s u l p h i n e s u l p h u r i s t h e 
' omind t in j оно in t h • roulomii torm. This r e s u l t s i n a Coulomb 
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curve t h a t lias a reversed form as conpared with t h a t of the 
Z-sulphone-sulphine ( I ) . 
О тега 11 energy curves 
The overa l l conformational enerqy curves are prespnted in 
Fig.Q. In t h i s f igure the conforaations as found from the 
X-ray c r y s t a l s t r u c t u r e analyses have been тагкэЗ with an 
a s t e r i s k . The valúas of ex aad ρ correspondinq with the 
conformations of minimal enerqy are given in таЬІэ 3. I t i s 
s t r i k i n g t h a t these values of α and ρ , although calculated 
for i s o l a t e d molecules agree very well with those found in the 
c r y s t a l s t r u c t u r e s , except for the F-sulphone-sulphine ( I I ) . 
This agreement confirms our s t a r t i n g p o i n t : that non-bonded 
i n t e r a c t i o n s t o a large extent determine the molecular 
conformation, and that even in the c r y s t a l s t r u c t u r e , packing 
only plays a minor r o l e . However, packing e f fects may cause a 
considerable change in the molecular conformation of a 
i s o l a t e d molecule, when the conformational energy curve of the 
i so la ted molecule has a ra ther f la t minimum at the 
conformation of minimal energy. The discrepancy between 
observed and calculated minimal energy conformation for the 
E-sulphone-sulphine (II) might be explained in t h i s way. The 
conformational energy curve (II) does not show a very 
pronounced minimum and t h i s compound i s the only опэ of the 
four compounds studied in which both t h e sulphine and the 
sulphone group of one molecule have short d i s tances (S(1)-0(2) 
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= З.И 8 !) from th» CDrresponding groups of a 
cpnt-cosymmetrically r e l a t e d molecule. 
For each ot thr» Compounds s t u d i e c " , t h e miniai a i n t h e 
c a l c u l a t a i епэгду curves may a l s o be conparod with t h e 
o r e f o r c e d c o n f o r m a t i o n s in s o l u t i o n a s obta ined from NBR 
a n a l y s i s {=fr. c h a p t e r 6
r
 F i g . 4 ) . The pnprgy curve of t h e 
Z-TUlphone-sulphine (I) shows t h r e e minima, v i z . i t β = f10, a t 
Ρ = 135° and a t β = ' ' З б 0 . The l a t t e r two correspond t o t h e 
-•na nt iomar ic h a l f - l i n e a r conformat ions (a) and (h) found i n 
s o l u t i o n . The folded з - c i s conformat ion (β= 0°) i s expected 
t o h1» p r e s e n t i n s o l u t i o n to a t l e a s t some e x t e n t . ( I t i s 
d i f f i c u l t t o deduce t h e p r e s e n c e of t h i s conformat ion i n 
s o l u t i o n from the NIB s p e c t r a , as w i l l be shown in t h e next 
c h a p t e r ) . For t h e ^ - s u l p h o n f - s u l p n i n e ( I I ) tha fo lded 
conformation (p = 0°) tfiat i s oxpectod from t h e energy curve 
i s not found i n s o l u t i o n , but i n s t e a d an e q u i l i b r i u m was found 
between l·he h a l f - f o l d e d conformat ions (c) and ( d ) . The energy 
curve of the Z-su lphoxiЭе-su lpk inp ( I I I ) has two lower minima, 
эп^ c o r r e s p o n d i n g with a conformat ion with ß= ^S0 and t h e 
otb<=T co r re spond ing with a conformat ion with P= 105° . An 
e q u i l i b r i u m between these two con to rma t ions r e s u l t s in an 
dv- rage ρ v a l u e of about 7 г о , thr· v ï lua of t h 3 t i a l f - fo lded 
conformat ion (e) , founl рг°'1овіпаг' t ly in s o l u t i o n . The h i g h e r 
minimum nt ß= ?S^ 0 согг п рог is with the h a l f - f o l d e d 
conformat ion (f) p r e s e n t in s o l u t i o n t o a f a r l a s s e r a x t p n t . 
For the F - s u l p h o x i d e - s u l p h i n a (Z4) t h » energy curve shows a 
minimum at β = 45° ind a s h o u l d e r a t ρ « 2 8 " 0 . Tha minimum 
c o r r e s p o n d s with t h " h a l f - f o l d e d conformat ion ( g ) , t h e 
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shoulder n i th the half-folded conforaation (h) ; and both nare 





ïu t roç îyç t ion 
I t i s а и р Ц documfinted phenomanon t h a t a r o m a t i c 
s u b s t i t u ? n t s may pxer t a hiqh magnet ic a n i s o t r o p i c s h i e l d i n g 
e f fect on p r o t o n s t h a t a ro s i t u a t o d in the v i c i n i t y of t h i s 
a r o m a t i c j r o u p . Sucii s h i e l d i n g e f f e c t s have been observed for 
t h e tour compounds s t u d i e d in t h i s t h e s i s . These e f f a c t s have 
boon q u a l i t a t i v e l y э х р і а і п э а by Tanqoraan<» 3 > in t e r m s of t h e 
nost p r o b a b l e c o n f o r m a t i o n s of the molpcules . I n t h i s c h a p t e r 
*h'à c a l c u l a t i o n of th^ i n t r a i D l e c u l a r s h i e l d i n g e f f e c t s , which 
th^ phenyl r i n g o x o r t s on t he mes i ty l hydroqen atoms, a r e 
ropor t ^d ; t ^ ^ i n y i n t o account the confo rma t iona l changes t h a t 
IÍGCV - i iscussed in c h a p t e r s 6 and 7. For t h e s e c a l c u l a t i o n s , 
equa t ions werr> "œployed t h a t a r e based on p i t h e r a c l a s s i c a l 
or a s e m i - ' î l a s s i s a l approach. Th" r e s u l t s of t h e s e 
c a l c u l J t i o n s dr<3 th'^n compare·'! vith thp 3 x p ? r i m e n t a l l y 
obsorVi?d s h i f t va lues . rbt.' o r i g i n a l aim of t h o s e c a l c u l a t i o n s 
was to d e s c r i b e tfu» conf oma t i ons in s o l u t i o n in «ore 
q u a n t i t a t i v ? t í r m s , by c o r r e l a t i n q t h e c a l c u l a t e d s h i e l d i n g 
o f f s e t s wi th t ho obsirvci l "ir, s p a c t r a . However, i t was found 
t h i t the ::э le ul a ••ed s h i ' - l i i n g p f f o c t ^ a r " c o n s i d e r a b l y s m a l l e r 
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t h a n t h o s e o b t a i n e d from s p e c t r a . The c a l c u l a t e d shiel<3inq 
e f f e c t s have - a t t h e t ime being - only a q u a i i t i v e а і ц ч · 
EhS2EI_of_ the_ç lass iça l_ag£roaçh 
P a u l i n g 1 7 1 > c a l c u l a t e d t h e d iamagns t ic a n i s o t r o p y of 
benzene , using a model in which t h e s i x тг e l e c t r o n s pprforœ a 
Larmor p r e c e s s i o n in an o r b i t pa s s ing through tha a t o n s of the 
benzens r i n g . In an e x t e r n a l f i e l d with H0 a long the z - a x i s 
and p e r p e n d i c u l a r t o thp plane of the bfnzene r i n g , t h i s 
p r e c e s s i o n may be cons ide red as a c u r r e n t I i n a r i n g with a 
r a d i u s equal t o t h a t of a benzene r i n g . The c u r r a n t I may ba 
c a l c u l â t ? ! froo the p r eces s ion frequency cor : 
CJL = -er i 0 /?mc (1) and I = qcJL/2Tr (2) 
Рог a banzene r i n g , which has s i x тг e l e c t r o n s , q = 5e , and 
t h i s r e s u l t s i n : 
I = -3e*Ho/2mac (3) 
The s a a l l e a g n e t i c f i e l d t h a t i s induced by t h i s r ing c u r r e n t 
e n l a r g e s the e x t e r n a l f i e l d in t h e s p a c e above and below t h e 
p l a n e of t h e benzene r i n g , while t h e f i e l i i n the plane of the 
b e n z · \i r i n g d i a i n i s h s s . flecause Df t h i s , r e s o n a n c e of p r o t o n s 
in t h e p l a n e of t h e benzene r i n g o c c u r s a t a lower e x t a r n a l 
f i e l d , and p r o t o n s above and below t h e p l a n e show r e s o n a n c e a t 
a h i g h e r e x t e r n a l f i e l d , as would have been t h ï cas? in the 
absence of t he r ing c u r r e n t . Hauqh and F e s s e n d e n * 7 ï / 7 * # 7 5 ' 
d e r ived an egua t ion for the induced magnetic f i e l d t h a t a r i s e s 
from a r ing c u r r e n t with a r a d i u s a. For t h e component of t he 
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induced f i^ld along z, they derived: 
ч = -
1 
ac f (1+ρ)ϊ* ζ? ] 1 / 2 
K(k) «· 1 
Ч(Іс) 
С») 
I n t h i s e q u a t i o n t h e c y l i n d r i c a l c o o r d i n a t e s ρ and ζ are 
expressed i n u n i t s of а. К and F a r e t h e c o a p l e t e e l l i p t i c a l 
i n t e g r a l s of t h e f i r s t and second k ind: 
/•тог ,π/г 




2 t ) - i / 2 a t (5) E(k) =/ (1 - l t 2 s i n 2 t ) 1 / 2 d t (6) 
O^ Jo 




Because in the l iqu id s t a t e every o r i e n t a t i o n of the benzene 
ring has pgoal probab i l i ty , the induced magnetic f i e l d l u s t be 
averaged over a l l p o s s i b l e o r i e n t a t i o n s . Both the rinq current 
and the pro ject ion of the induced f i e l d on H0 diminish with 
the cos inus of ths angle between H0 and the normal on the 
benzene ring. Averaging g i v e s the eguation: 
H'eff = зН^ (8) 
It i s known that the e lec t ron dens i ty of the тт e l e c t r o n s has 
i t s maximum not in the plane of the benzene r ing, but at a 
short d i s tance ρ from t h i s plane. To account for t h i s , ζ must 
be ra placed by (z-p) and (z + p) r e s p e c t i v e l y , both in the 
egudtions (U) and (7). Combining equation (1)-(8) then r e s u l t s 
in the fol lowing equat ions : 
H'eff = егио 
2гтасга 
1 
[ ( 1 * Р > г * (Х-Р)*]«* 
K{k_) • 1 - р г - (z-p) г E(k_| 
(I-p)* • (z-p) г 
with : 
k = 
Г < і + Р ) г + ( Z + P ) * ] г 
it I'/г (10) and k 
K ( k + ) • 1 - p * - ( z » p ) * E ( k , ) ( 1 - p ) 2 + ( z + p ) г 





The screening constant, i . e . the extra s h i f t in tha NHB 
spectrum caused Ы the ring current, i s defined as Δ er. 
Δ er = H»3ff /H0 η ID* ррв (12) 
λ va ine forAcr of a benzene proton may be estimated from 
d i f f e r e n c e s between chemical s h i f t s of benzene protons and 
r e l a t e d o l e f i n i c protons (benzene versus 1,l-cyclohaxadLane 
Δ τ = - 1 . 4 8 t * 3 > , versus c y c l a o c t a t r i e n e 1,3,5 Δτ = - 1 . 5 2 < 7 3 > , 
versas с у c l o o c t a t e t r a ene Δτ = - 1 . 5 2 < 7 3 > and - I . S T S * 7 * 1 ; eumene 
versos α-phe l landrene Δτ = - 1 . Ч в с г ' > ) . Johnson and B o v e y t 7 6 > 
appl ied aquation (9) and (ι?) taking Δθ"= -1 .50 for a benzene 
proton, a = 1.39 I and a C-Η d i s t a n c e of 1.08 Ä. This rasu l t sd 
i n a Talue of 0.H5S a or п . 6 1 Ä for P-
S e a i - c l a s s i c a l approach 
N c ï e e n y í 7 7 , approached the problem of f inding the induced 
Magnetic f i e l d of aromatic molecnles with a general ized LrAO 
perturbat ion theory, which i s ad-justed to account for the 
imaginary perturbat ion by an ex terna l magnetic f i e l d . Th« 
induced f i e l d a t a s p e c i f i c point i s c a l c u l a t e d by means of a 
t e s t d ipo le , making use of approximations der ivai by Lonian 
and using the perturbation theory to eva luate a coupling 
energy. This procedure resu l ted i n the fo l lowing eguation for 
the induced f i e l d : 
H'eff = 2 p / 2 n e \ ' S* Ho J Σ Л·. [-S¡ ][ (13) 
in which; 
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G i s the standard Hiickel resonance i n t e g r a l 
S i s the area of the benzene hexagon 
a i s the length of a C-C bond in benzene 
Σ denotes sumiation over a l l the r i n g s in the a r o i a t i c 
compound 
J; i s a quantUB-BPChanically computed f a c t o r , denoting ho« 
much the ring carrent in each r ing i s greater than in 
benzene< e 0 » e l * 
The geomatric factor G for each r ing i s expressed by the 
equat ion: 
S =£sjAj (Γη 3 • r^3) (1 · ) 
a hen Ρ i s denoted as the p o s i t i o n f o r which H'eff i s 
c a l c u l a t e d , Q i s the project ion of Ρ on the plane of the 
a r o e a t i c r ing and Τ and О are the p o s i t i o n s of two bonded 
carbon atoms in the r ing, then: 
Σ denotes the sumiation over s u c c e s s i v e bonds i n the ring 
r T , г., are the d i s t a n c e s fron Ρ t o Τ and и r e s p e c t i v e l y 
l j UJ 
Aj i s t h e area QTj Uj 
sj i s a s ign that i s : 
• nhen (QTj)X(Tjaj) has a d i r e c t i o n opposite t o (Tt tyX (T2 ll¿ 
- when " the saae d i rec t ion as •· 
rhe s iqma-rat io i s defined as the quot ient 
tMeff /H'eff -benzene, in which H'eff-benzene i s the induced 
f i e l d at the p o s i t i o n of a hydrogen aton bonded to benzene 
(C-C = 1.39 %. C-H = 1.C79 Ä). Haigh et a l . < τ · » c a l c u l a t e d 
з і д в а - r a t i o s for a large number of aromatic hydrogen atoms. 
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Regression between observed τ values and ca lcu la ted 
s iqma-rat ios resu l ten in the l i n e a r express ion: 
Τ = - 1 . 5 6 χ (siqma-ratio) *· Ц.ЗИ (15) 
eben only the rinq current e f f e c t of one aromatic rir.q i s 
considered, t h e express ion (16) nay be derived: 
Δ er = -1.56 G/Gb = -2 .07 G (16) 
in which Gb i s the geometric factor for a hydrogen of benzene 
(Gb = 0.752 Я-») . 
The screening constants that were c a l c u l a t e d according to 
equations (IH) and (16) w i l l be referred to as Haigh-Mailion 
screening c o n s t a n t s . 
Remark on the c l a s s i c a l model: 
Hal l ion i*») performed a r e g r e s s i o n of screening -onstants 
c a l c u l a t e d from equation (9) against observed τ va lues . He 
found a l i n e a r dependence between them, but not witi a 
gradient of un i ty . Therefore they came to the conclus ion that 
the screening c o n s t a n t s c a l c u l a t e d from equation (9) must he 
mul t ip l ied by a factor 0.597. Equations (9)-(12) toqathsr with 
the аЬо э c o r r e c t i o n factor have a lso been used to obtain 
screening c o n s t a n t s and these w i l l be referred to as sorrectsd 
Johnson-Bovey screeninq constants . 
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£ál£!liáí Ì9D§ 
Tuo computer programs i n PORTEAN nere developed to 
perform the computations. One i s used to re fash ion atomic 
coardinatps of a c r y s t a l s tructure in a s u i t a b l e form for the 
oth«r program. In the former program, parts of the molecule 
are rotated around the bonds C(1 ) -C(2 ) , C(1) -s (2) and 
S (2 ) -C(11 ) , r e s p e c t i v e l y in such a way that α = 90°, β = 0° 
ani )( = 40°. непсе the folded s - c i s conformation i s used as a 
referance conformation. Furthermore the coord inates are 
expressed in a c a r t e s i a n s e t of axes, with the o r i g i n in the 
centre of the phenyl ring and the z - a x i s perpendicular to the 
pl îne of the phenyl ring (the same coordinates were used as 
input foe the program WHIN, see chapter 6 ) . The other program 
c a l c u l a t e s thp corrected Johnson-Bovey and Haigh-Ball ion 
screeninq cons tant s as a function of the conformational angles 
α and p . rhe conformational angle β i s varied in s t e p s of ly". 
For α a value i s s e l e c t e d such that i t g i v e s minimal 
conformational energy for the s p e c i f i c value offl , a s has been 
det t rminad in chapter 7. It must be emphasized that i t i s 
assumed that the conformational angle γ has a value of 90° and 
t ü í t t h i s does not changa with var ia t ion of (3 . In order to 
c a l c ú l a t e a screening constant for a hydrogen atom of a methyl 
group, the methyl group i s rotated in s t e p s of 5 ° . Assuming 
agual p r o b a b i l i t i e s for the p o s i t i o n s , the screening constant 
a ay be tak on as the mean value of the screening constants a t 
nil the p o s i t i o n s of the hydrogen atams. Reduction of the 
ro ta t ion s tep below 5° i s not useful because in such cases the 
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шеэп screening constant dops not vary шогд than C.0?1 ppm. The 
complete e l l i p t i c a l intt ìqrals (équations (5) ani (6)) have 
been computed usin9 the nethod of Bartkyf»2,βз ) , for which 
subrout ines were a v a i l a b l e at the computer centre of t h i s 
u n i v e r s i t y . The r e s u l t s of the c a l c u l a t i o n s are presented in 
Piqûres 2-6 . Haiqh-Hallion screeninq constants have been 
c a l c u l a t e d for a l l four su lphines , but only one i s shown as an 
example. 
g i s c u s s i on 
Me(3) 
H ( 1 , \ / \ ^ ' / H l 2 1 Fiq · 1. Numberinq of the hydrogen atoms 
.X Js. and aethyl qroups of the mes i ty l 
u , n n q and senses of r o t a t i o n s 
Cf' 
Comparison of F iq .3 with Fiq.5 shows that th? s e r e n i n g 
cons tant s ca l cu la ted with the 'Haiqh-Mallion' equation are 
appreciable smal ler than those ca l cu la ted with the 
*Johnson-Во э у ' equation. Because even t h e l a t t e r screeninq 
constants are in som» i n s t a n c e s smaller than the observed 
v a l u e s , we compared th? observed ччВ spectra only with the 
Johnson-Bovey scresninq c o n s t a n t s . The diperimpntal τ values 
of the mesity l hydroqen atoms of the four s tud ied Compounds 
are presented in Table 1. The screeninq c o n s t a n t s darivei from 
Fiq.1 to Ц for some mixtures of conformations are l i s t e d in 
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Piq.2. Plot of the corrected johnson-Bovey screening constants 
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H(2) 
Piq."?. Plot of the cDrrected Johnson-Rovey screening constants 
f'>r E-sulphone-sulphine (II) 
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Δσ· 
.ι». Plot of the corrected Johnson-Bovey screening constants 
for Z-sulphoxide-sulphine (III) 
Pig.5. Plot of the corrpcted Johnson-Povpy screaning constaots 














P i g . 6 . P l o t of tha H a i q h - n a l l i o n s c r e e n i n g c o n s t a n t s for 
Z - s u l p h o x i d e - s u l p h i n e ( I I I ) 
r a b i e ?. The comparison of t h e c a l c u l a t e d s c r e e n i n g c o n s t a n t s 
{which have been d e r i v e d fron p r e f e r r e d c o n f o r m a t i o n s of 
i s o l a t e d molecules) with t h e e x p e r i m a n t a l Τ va ines for 
molecules i n s o l u t i o n should be t r e a t e d very c a r e f u l l y for the 
t o l l o w i n q r e a s o n s : 
1. t h e n a q l a s t of s o l v a t a t i o n e f f e c t s (a l though T a n q e n a n 
observed t h i s e f f e c t t o be small) 
2. the u n c e r t a i n t y i n t h e v a l u e of ρ for t h e preferred 
c o n f o r m a t i o n s 
? . t h e u n c e r t a i n t y i n the p o p u l a t i o n p e r c e n t a g e s of the 
p r e f e r r e d c o n f o m a t i o n s 
U. the f i x a t i o n of ^ a t 90<\ 
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r a b i e 1. Observed Τ v a l u e s f o r thp a e s i t y l bydroqen a t o a s of 
t h e f o u r s u l p h i n e s at room t e m p e r a t u r e (tha v a l u e s a t 
- 6 0 ° С a r e g i v e n between p a r e n t h e s e s ) * 
Z - s u l p h o n e -
s u l p h i n e ( I ) 
E - s u l p h o n e -
s a l p h i n e ( I I ) 
Z - s n l p h o E i d e -
s u l p h i n e ( I I I ) * 
B - s u l p h o x l d e -
s u i p h i n e (IV)* 
Η ( 1 | 
3 
3 
3 . 0 0 
( 2 . 9 2 ) 
3 . 10 




3 . 1 8 
( 3 . 1 3 ) 
3 . 2 2 




7 . 5 9 
( 7 . 5 5 ) 
7 . 8 2 




8 . 5 8 
( 8 . 6 3) 
8 .37 
( 8 . 6 0 ) 
Ие(3) 
7 . 7 1 
7.7'4 
7.71» 
( 7 . 7 1 ) 
7 . 7 6 
( 7 . 7 3 ) 
+ [ f r o m t h e t e m p e r a t u r e dependence Tangersan d e r i v e d t h e 
f o l l o w i n g « o l e f r a c t i o n s f o r t h e c o n f o r m a t i o n s : 
( I I I ) a t 20 o C 95R β = 6 0 ο , 5% β-2Ί0ο 
( I I I ) a t -60» 1P0X » , 0« 
(IV) a t 23» 7 5 * " , S% » 
(IV) a t -60«» 9 U " , 9 « " ] 
*We thank D r s . A.Tanqeraan f o r p r o v i d i n g t h e s e d a t a . 
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Hl) H ( 2 ) 
- 0 . 0 ? 
0 . 0 1 
P. 17 
0 . 1 1 
О.РЗ 
- 0 , 0 2 
- 0 . 0 2 
0 . 0 3 
0 , 0 1 
0 . 1 2 
0 . 1 3 
0 . 2 0 
0. 24 
И е ( 1 ) Не (2) 
- 0 . 0 3 
- 0 . 0 3 
- 0 . 0 2 
0 . 2 1 
0 . 5 6 
•0.06 
- 0 . 0 6 
0 . 1 3 
0 . 0 0 
0 . 7 2 
0 . 7 6 
0 . 2 9 
0 . 3 6 
Я е ( 3 ) 
- 0 . 0 1 
0 . Э 2 
0 . 1 3 
0 .Э4 
0 . 0 2 
0 . 0 1 
0 . 0 1 
О.ОЧ 
0 . 0 5 



























































20% / 3 = 0 ° 
Still soma conclusions nay be drawn fro« the comparison of 
Tabic» 1 and 2. It is difficult to derive from HHH data whather 
ths folded conformation (β= 0°) for (I) is present in 
solution, because the screening constants barely change when 
this conform*ti on is included. The obsprved τ value for (II) 
ein only be pxplained by assuming the existence of 
conformations with fl:=550, эг large oscillations of the 
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molecule about β = Э 0 . For the Ζ- aDd E-sulphoi ide-sulphines 
( I I I ) and (IV) the c a l c u l a t e d screening constants are in 
agree«ent with the pattern of the observed Τ va lues . The 
screen ing c o n s t a n t s are q u a l i t a t i v e l y in agreement with the 
observed τ va lues , but are q u a n t i t a t i v e l y too snalL, 
e s p e c i a l l y for large upfield s h i e l d i n g . This i s not an 
uncommon feature, for both t h e o r i e s underastimate severe ly the 
upf ie ld s h i e l d i n g for protons s i t u a t e d at a short d i s tance 
from the plane of the aromatic ring and near the normal 
through i t s centre* 8 **. The underestimation of Δσ" i s larger 
for the ' Haigh-Hall ion' sh ie ld inq c o n s t a n t s . To our opinion, 
the uncorrected 'Johnson-Bovey· equation g ivas bet ter 
e s t i m a t e s for these s trongly s h i e l d e d protons. 
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SUrtlARY 
T h i s t h e s i s d e s c r i b e s t h e X-ray c r y s t a l s t r u c t u r e 
d e t e r m i n a t i o n s and a s t u d y of t h e e o l e c u l a r c o n f o r m a t i o n s of a 
number o f s u l p h i n e s . T h i s s t u d y v a s undertaken a s p a r t of a 
program f o r the i n v e s t i g a t i o n 3f t h e s u l p h i n e c h e m i s t r y , 
c a r r i e d on by t h e Department of Organic Chemis try a t t h i s 
O n i v e r s i t y . From an e x t e n s i v e NHB s t u d y (Tangerman. L a b o r a t o r y 
o f Organic Chemis try of t h i s u n i v e r s i t y ) on v a r i o u s s u l p h i n e s 
i t i s known t h a t t h s s t u d i e d compounds have p r e f e r r e d 
c o n f o r m a t i o n s i n s o l u t i o n . T h e aim of the p r e s e n t s t u d y was t o 
compare t h e s e c o n f o r m a t i o n s wi th t h o s e found i n t h e c r y s t a l 
s t r u c t u r e , t o c a l c u l a t e t h e minimal e n e r g y c o n f o r m a t i o n s of 
i s o l a t e d m o l e c u l e s , t o compire t h e s e c o n f o r m a t i o n s w i t h t h o s e 
i n t h e c r y s t a l s t r u c t u r e and i n s o l u t i o n , t o c a l c u l a t e 
s h i e l d i n g e f f a c t s and to i n t e r p r e t t h e NHR s p e c t r a i n t e r m s of 
t h e p r e f e r r e d c o n f o r m a t i o n s i n s o l u t i o n . 
T h e r e f o r s , t h e c r y s t a l s t r u c t u r e of f o u r s e l e c t e d 
s u l p h i n e s were d e t e r m i n e d . I n c h a p t e r s 2-5 ths s t r u c t u r e 
d e t e r m i n a t i o n s of Z - m e s i t y l - (phenyl — s u l p h o n y l ) - s u l p h i n e , 
E - m e s i t y l - (pheny l — s u l p h o n y l ) — s u l p h i n e , z - m e s i t y l - ( p h e n y l -
s u l p h i n y D - s u l p h i n e and E - m a s i t y l - ( p h e n y l - s u l p h i n y l ) - s u l p h i n e 
are p r e s e n t e d . A l l f o u r s t r u c t u r e s were s o l v e d by D i r e c t 
Methods and the f i r s t one a l s o ( i n d e p e n d e n t l y ) e i t h P a t t e r s o n 
methods . Tha a s s i g n a a n t of t h e c o n f i g u r a t i o n s t o t h e f o u r 
g e o m e t r i c a l i s o m e r s , based on d i p o l e moment measurements and 
IIS 
ИНН analyses, i s fu l ly confirmed by the r e s u l t s of tha X-ray 
a n a l y s e s . 
In chapter 6 a d e t a i l e d a n a l y s i s of the s t r u c t u r a l 
features of the molecules in the c r y s t a l s t ructures i s 
presented together with a comparison betneen the conformations 
of the molecules in the s o l i d s t a t e and in s o l u t i o n . T'ha 
heterocumulenic sulphine system praves t o be almost planar 
» i t h bond angles of about 120° at the carbon ani tha sulphur 
a t o a s ; which i s a strong ind icat ion of a s p 2 hybr id isat ion 
s t a t e for both atoms. Using an empir ical r e l a t i o n s h i p betwaan 
bond order and bond l ength, a bond order of 1.89 for the C-S 
bond and of 1.57 for the S-o bond in the sulphina group has 
been found. In a l l four compounds the methyl groups of the 
• e s i t y l ring are l i f t e d out of the plane through the r ing 
atoms; and the i n s i d e angles a t the carbon atoms with Las 
methyl s u b s t i t u a n t s are l e s s than 120°. 
In chapter 7 conformational energy c a l c u l a t i o n s of 
i s o l a t e d molecules of the four s e l e c t e d sulphines are 
presented. Tha r e s u l t s of t h e s e c a l c u l a t i o n s (based on 
non-bonded i n t e r a c t i o n s only) agree very well with th? r a s u l t s 
obtained by NHR and d ipo le moment measurements. For three of 
the four compounds studied the c a l c u l a t e d conformations with 
a i n i a a l energy agre? тегу wall with the conformation in the 
c r y s t a l s t ructure ; the one except ion could be explainad from 
the c r y s t a l packing. 
Ca lcu la t ions of the s h i e l d i n g e f f e c t s of tha phanyl ring 
on the hydrogpn atoms of the» mes i ty l group are presented in 
chapter 8. The r e s u l t s of thosp c a l c u l a t i o n s are g u a l i t a t i v a l у 
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i n agraemant with the observed NflR spec tra . This research has 
shown that a good (qua l i ta t ÌTe ly ) agreement can be obtained 
betvesn the зхреriaantaI r e s u l t s obtained from neasure ients in 
so lut ion (WR, d ipole moments), the r e s u l t s from c r y s t a l 
structura analyses and conformational energy c a l c u l a t i o n s for 
i s o l a t e d molecules. 
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i n d i t p r o e f s c h r i f t worden de k r i s t a l s t r u c t u u r analysas 
en een ondsrzoelc naar de e o l e c u l a i r e conformaties van een 
aantal s u l f i n e s beschreven. Deze studia vond p laa t s in hat 
kader van het onderzoek van de cheaische eigenschappen en 
confornat i e s van s u l f i n e s aan de a fde l ing Organische Chenie 
van deze u n i v e r s i t e i t . Oit een u i t v o e r i g onderzoek met behulp 
van HHR (Tangerman) aan v e r s c h i l l e n d e s u l f i n e s i s gebleken, 
dat de bastudeerde verbindingen voorkeurs conforaat ies hebben 
in o p l o s s i n g . Doel van het h ier beschreven onderzoek i s het 
vergeli-Jken van deze voorkeurs c o n f o n a t i e met de conformaties 
d i e gevonden worden in de k r i s t a l s t r u c t u u r . Varder het 
berekenen van de minimum conforaat i e energie van ge ï so l eerde 
moleculen en het verge l i jken van deze berekende conformaties 
met d ie gevonden in oploss ing en in de k r i s t a l s t r u c t u u r . Ook 
verd ge tracht om door c o r r e l a t i e van NMB spectra net berekende 
' s h i e l d i n g e f f e c t e n ' meer gegevens te verkrijgen о эг de 
voorkeursconformaties in o p l o s s i n g . 
Hiertoe verden de k r i s t a l s t r u c t u r e n bepaald van vier 
verwante s u l f i n e s . In hoofdstuk 2 t/m 5 worden de 
structuurbepal ingen beschreven van Z - a e s i t y l - ( f a n y l - s u l f o n y l ) -
s u l f i n e , E - * e s i t y l - ( f e n y l - s u l f o n y i ) - s u l f i n e , Z-mesi ty l-( fenyl-
s o l f i n y l ) - s u l f i n e en E - m e s i t y l - ( f e n y l - s u l f i n y l ) - s u l f i n e . Deze 
v ier s tructuren werden o p g e l o s t met behulp van d i r e c t e 
methoden en de e e r s t e structuur, onafhankelijk daarvan, tevens 
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met Patterson methoden. De toekeaninq »an de c o n f i g u r a t i e aan 
de qcoffiotrische isomeren, die nas gebaseerd op dipoolnonent 
metinqsn an NflR ana lyse , werd v o l l e d i g bevest igd door de 
röntgen analyse . 
In hoofistuk б wordt u i t voer ig ingegaan op s t r u c t u r e l e 
lel· î i l n van de moleculen. Tevens worden de conforma t i e s in de 
vaste Ttof 2П in op loss ing apt alkaar vergeleken. Het b l i j k t 
daf de heterocumulene s u l f i n c groep bijna vlak i s . De 
b iridingshoc?ken aan het koo ls to f en zvavelatoom van de 
-îiilfin -groep z i j n ongevepr 120°, hetgeen een dubbele 
aanwijzing i s voor ээп s p 2 h y b r i d i s a t i e van beide atomen. Bet 
oehulp van een empirische r e l a t i e tussen bondorder en 
bindingsafstand werd een bondorder berekend van 1.89 voor 
C-^-bindinq vn 1.57 voor de S-o binding in de s u l f i n e g r o e p . In 
эік van de v ier verbindingen l i g g e n de nethylgroepan n i e t in 
het v l ik van de mes i ty l r ing. De hoeken t u s s e n de 
koolstofatomen in de r ing i s k l e i n e r dan 120° wanneer aan het 
centra le koolstofatoom een mpthylgroep gebonden i s . 
In hoofdütuk 7 wordt de berekening van de -onformatie 
enprgip beschreven zoa l s deze i s uitgevoerd voor g e ï s o l e e r d e 
moleculen van de vier s u l f i n e s . De r e s u l t a t e n van deze 
berekeningen (waarin a l l e en de i n t s r a c t i s s tussen 
niet-gebonden atomen meegenomen worden) stemmen zeer goed 
э егееп met .le rpsu l ta ten van de НИИ en dipoolmomant matingen. 
Voor Іг із van de v ier verbindingen stemmen de berekende 
confondati os mit minimale energie eveneens zeer goed overeen 
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net 3e conformatias in de kristalstructuur; de uitzondering 
kon verklaard worden op grond van de kristalpakking. 
De berekeningen van de 'shielding effecten' van de 
fenylring op de waterstofatomen van de nesitylgroep worden in 
hoofdstuk В beschreven. Het blijkt dat de resultaten van deze 
berekeningen kwalitatief in overeensteoœing zi-Jn net de 
waargenomen НИН spectra. 
Dit onderzoek heeft aangetoond dat sen goade 
(kwalitatieve) overeensteaning kan worden gevonden tussen de 
gegevens die werden verkregen uit experimenten aan 
verbindingen in oplossing (NIS, dipoolaoment), de gegevens die 
worden verkregen uit kristalstructuur analysas en berakeningen 
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